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NEW  DEVELOPMENTS  IN  RENDERING 


H.  C.  Dormitzer 
Wilson  &  Co.,  Inc 
Chicago,  Illinois 


The  various  new  rendering  processes  have  received  so  much  publicity 
in  the  technical  and  trade  papers  that  presenting  them  is  a  good  deal  like 
the  Chinese  traditional  plays  -  the  audience  knows  them  better  than  the  ac¬ 
tors.  However,  in  some  cases  the  publicity  has  sometimes  made  the  claims 
advance  faster  than  the  process. 

It  is  well  known  that  few  rendering  processes  emerge  fully  developed 
but  depend  on  repeated  installations  to  perfect  them. 

A  perfect  rendering  process  should  have  the  following  characteristics: 


1.  It  should  be  able  to  process  all  material  available. 

2.  It  should  produce  a  mild-flavored  fat  similar  to  the  fat  in  the  cells, 
without  increase  of  free  fatty  acid,  darkening  of  color,  or  loss  of 
bleachability. 

3.  It  should  produce  a  protein  residue  with  no  deterioration  of  the 
protein  for  nutrition  and  with  no  loss  of  vitamins  or  growth  factors. 

4.  It  should  have  a  wide  range  of  capacity  and  work  as  satisfactorily 
with  small  loads  as  with  large. 

5.  It  should  give  high  efficiency  and  yields  at  a  minimum  of  cost. 

It  may  be  seen  from  the  above  that  we  do  not  have  the  perfect  render¬ 
ing  process  at  the  present  time  and  that,  therefore,  new  methods  are  always 
eagerly  welcomed  and  studied  hopefully. 

It  should  also  be  noted  that  in  the  last  thirty  years  especially  with  the 
advent  of  dry  rendering,  more  attention  has  been  given  to  the  production  of 
a  better  residue  than  to  that  of  a  better  fat,  particularly  where  the  per  cent 
of  residue  exceeds  that  of  the  fat.  No  method  of  rendering  can  be  considered 
acceptable  that  does  not  give  at  least  equal  consideration  to  the  residue. 

This  objective,  for  reasons  that  will  be  given  later,  is  particularly  necessary 
or  a  process  that  will  successfully  replace  the  present  pressure  tank  meth¬ 
od  for  lard  even  though  the  residue  is  a  minor  part  of  the  original  fat.  It  is 
also  noteworthy  that  the  trend  of  new  processes  is  toward  continuous  opera- 


With  this  preliminary  outline,  and  having  outlined  our  standard  or  meas- 
Somp  n/th  ’  We,  can  !°ok  at  some  of  the  new  developments  in  rendering. 

Uon  in  ave  e"  rf iewed  before  but  a  new  interest  or  a  modifica- 

on  in  the  process  again  places  them  on  our  list 

The  processes  can  be  listed  as  follows: 


1. 

2. 

3. 

4. 

5. 


The  Pavia  Process 

The  Titan  Process 

The  VioBin  Azeotropic  Process 

The  Kingan  Continuous  Rendering  Process 

The  Chayen  Sharpies  Process 
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(1)  The  Pavia  Process.  This  is  the  improved  kettle  rendering  process 
that  depends  on  the  accepted  principle  that  the  finer  a  fat  is  ground,  the 
shorter  the  rendering  process  and  the  lower  the  temperature.  It  operates 
with  an  end  point  of  180-190°  F.  Rendering  is  also  speeded  up  by  increased 
agitation.  It  produces  a  mild  lard  of  low  F.F.A.  and  good  color.  The  lard 
is  strained  through  a  cloth  and  the  separated  residue,  which  still  contains 
considerable  moisture,  is  pressed  to  free  it  of  some  of  the  fat.  This 
residue  is  now  used  in  meat  loaf  and  similar  products. 

The  process  is  handicapped  in  that  it  is  limited  to  cutting  fats  that  are 
skinned  and  to  killing  fats  only  if  they  are  chilled.  It  therefore  requires  a 
supplementary  rendering  plant  for  other  fats  and  its  use  is  largely  confined 
to  those  who  cut  and  process  hog  carcasses,  rather  than  those  that  kill. 


(2)  The  Titan  Process.  This  is  also  a  rendering  process  that  might 
not  be  classed  as  new  but  for  the  renewed  interest  that  it  has  attracted  in 
the  past  couple  of  years.  The  method  and  equipment  are  from  Denmark  and 
have  been  used  in  Europe  for  some  years.  The  process,  somewhat  simpli¬ 
fied,  is  as  follows: 


The  fat  is  fed  through  a  hopper  into  a  cutter  and  discharged  into  a  pre¬ 
heater.  Water  is  added  to  bring  the  temperature  to  1800.  From  the  pre¬ 
heater  the  fat  is  pumped  under  pressure  into  a  verticle  boiler  where,  with 
live  steam,  the  temperature  is  elevated  to  about  240°F.  It  is  discharged 
through  a  reducing  valve  which  causes  the  final  rupture  of  fat  cells  and 
pulped  with  water  that  returns  from  the  press.  It  is  then  screened  and  the 
screenings  pressed  in  a  continuous  press.  The  lard  and  water  are  put 
through  a  centrifuge  capable  of  discharging  solids  and  the  lard  finally  pol¬ 
ished  in  a  second  centrifuge. 

In  Europe  the  scrap  is  edible  and  usually  used  in  sausage  or  loaf,  great¬ 


ly  adding  to  the  value  of  the  process. 

The  Titan  Process  handles  killing  fats  and  those  cutting  fats  than  can 
be  hashed.  Its  capacity  is  rated  at  about  2800#  per  hour  on  hog  fats  and 

about  2200#  per  hour  on  beef  fats. 

The  entire  operation  takes  about  10  minutes.  This  unit  will  handle 
about  220  hogs  per  hour  kill  and  about  90  hogs  per  hour  cut,  depending  on 
what  fats  are  tanked  and  what  saved.  When  kill  and  cut  are  carried  on  to¬ 
gether  the  capacity  would  be  about  60  -  70  hogs  per  hour. 

A  fairly  bland  lard  of  low  F.F.A.  and  good  color  is  produced.  An  in¬ 
creased  yield  of  2  to  3  %  over  the  tank  pressure  rendering  is  also  claimed. 

The  installation,  however,  is  expensive,  based  on  capacity,  especially 
if  compared  to  dry  rendering,  and  would  not  be  economic  unless  the  scrap 
can  be  used  in  meat  food  products  or  the  bland  lard  can  be  sold  at  a  premium, 

plus  the  added  return  for  the  increased  yield. 

Recently,  in  South  America,  Titan  plants  have  been  installed  for  the  pro¬ 
duction  of  oleo  stock  from  beef  fats  because  it  eliminates  the  chilling  opera¬ 
tions.  This  represents  a  forward  step.  In  this  country  the  question  would 
first  have  to  be  resolved  as  to  whether  the  momentary  heating  of  the  fats  m 
the  boiler  to  temperatures  over  170°  F.  would  nullify  the  classification  under 
oleo  stock.  Dropping  the  boiler  temperature  to  170°  or  less  greatly  reduces 
the  capacity. 

The  system  does  not  lend  itself  well  to  large  scale  operations  as  a  num¬ 
ber  of  multiple  units  would  have  to  be  installed.  If  the  residue  cannot  be 
used  for  edible  purposes,  dryers  would  have  to  be  installed. 

(31  The  Viobin  Azeotropic  Process.  While  extraction  processes  as  such 
have  little  attraction  during  times  ol  low  fat  prices,  the  AzeotropicRende  - 
ing  Process  still  deserves  study  and  consideration.  This . follows 
known  principle,  demonstrated  by  Regnault,  that  two  immiscible  liquids  exer 
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a  vapor  pressure  that  is  the  sum  of  the  two  vapor  pressures  and  therefore 
boil  at  a  temperature  lower  than  the  boiling  point  of  either  one,  and  dis  1 

in  proportion  to  their  vapor  pressures. 

Although  operated  for  some  time  for  the  drying  and  de-fatting  of  glan_ 
dular  products  it  has  had  very  limited  experience  on  packing  plant  materials, 
mostly  on  a  pilot  plant  scale.  It  is  operating  successfully  on  fish  meal  in  a 
West  Coast  plant,  producing  a  fish  meal  that  combines  the  meal  and  solubles. 
It  has  also  been  demonstrated  successfully  on  poultry  offal  and  hatchery 
residues. 

There  are  two  ways  of  operating  this  system: 

(1)  Introduce  the  product  into  the  solvent  and  maintain  a  low 
enough  temperature  to  partially  dry  the  material  without 
protein  coagulation;  then  raise  the  temperature  after  partial 
dehydration. 

(2)  Comminute  the  substance  and  convert  it  into  a  pumpable 
form  by  mixing  with  an  immiscible  solvent  and  introduce 
it  into  a  tank  of  boiling  solvent. 


In  both  systems  dehydration  and  defatting  occur  simultaneously.  Even 
blood  has  been  successfully  dried  in  a  granular  form. 

This  process  has  the  advantage  that  it  leaves  the  residue  with  all  growth 
factors  and  amino  acids  almost  unimpaired.  The  residue,  however,  has  a 
greyish  cast,  entirely  different  in  appearance  from  dry  rendered  product, 
and  would  have  to  win  trade  acceptance. 

The  fat  produced  from  packing  house  material  is  in  some  cases  darker 
in  color  than  carefully  dry  rendered  product,  but  has  excellent  bleaching 
qualities,  equal  to  the  best  wet  rendered  product. 

It  has  been  proposed  to  apply  this  process  to  edible  fats  but  here  again 
the  cost  of  installing  such  a  plant  would  not  be  economic  unless  the  increased 
yield  and  increased  value  of  the  residue  would  be  sufficient  to  offset  the 
added  costs  of  operation.  It  can  be  used  to  dry  and  defat  materials  that  are 
almost  impossible  to  handle  by  other  processes. 

One  of  the  big  problems  common  to  all  these  extraction  processes  is 
complete  elimination  of  solvent  from  both  fat  and  residue.  Unfortunately 
this  process  has  not  had  enough  installations  to  have  gone  through  the  de¬ 
velopment  and  refinement  that  only  continued  experience  can  give  it.  More 
work  is  being  done  on  this  process  and  perhaps  in  another  year  we  will  be 
better  able  to  evaluate  it  into  its  proper  place. (2, 3, 4, 5) 


(4)  The  Kingan  Continuous  Rendering  System.  This  is  a  system  that, 
originally  devised  for  oleo  production,  is  in  the  course  of  being  expanded 
for  rendering  lard.  It  has  the  advantage  of  simplicity  and  can  be  made  to 
handle  either  hot  or  cold  fats,  or  both. 

The  process,  for  oleo,  is  as  follows: 


a  tllh™e  fat  Vs  groand  through  a  hasher  with  a  1/4"  plate  and  pumped  through 
It  if  then  hr  Wh®rfeKthe  temperature  is  raised  high  enough  to  melt  the  fat. 

cells  h  From  th  g6d  through  a  commmiiter  to  break  up  any  unrendered  fat 
v!S;  Frof\the  comminuter  the  product  is  discharged  through  a  surge  tank 

fat  nrnd°ZZHJeCf r  th®  fat  is  seParated  from  the  water  and  scrap  The 

at  producecf  1S  fairly  bland  and  because  of  the  short  rendering  time  Ihere  is 
little  or  no  increase  in  free  fatty  acid.  Increased  yields  are  also  claimed 

lardAIn°trhfrh  modl[ied  form  of  this  process  is  being  contemplated  for' 
hen  be  fuf  hfrr°LeSS  ^  fat  W°Uld  g°  through  a  coarse  breaking  or  grinding 

" would  then  be  passed 

2000  f.  the  unrendered  fat  would  hlf/  ^  ^mPerature  is  raised  to  about 
nuter.  Finally  the  fat  would  hp  c  reJeased  by  passing  through  a  commi- 
y  the  fat  WOuld  be  separated  from  the  water  and  residue  by 
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centrifuging  through  a  three-way  centrifuge. 

This  process  has  the  advantage  of  a  minimum  of  equipment  and  a  short 
through-put  time.  It  should  produce  a  bland  lard  of  low  F.F.A.,  good  color, 
and  good  keeping  qualities.  It  would  handle  both  hot  and  cold  fats.  While  in¬ 
creased  yields  would  be  expected  over  both  the  present  oleo  kettle  process 
and  the  present  pressure  tanks  for  lard,  it  is  doubtful  if  it  would  equal  or 
exceed  the  dry  rendering  lard  method.  However,  the  lard  should  be  of  better 
flavor  and  it  is  hoped  to  produce  a  scrap  that  is  of  superior  quality  to  that 
from  wet  rendering,  at  the  same  time  eliminating  the  production  and  han¬ 
dling  of  stick/6) 

(5)  The  Chayen  Sharpies  System.  Considerable  attention  has  been 
focused  on  the  new  Chayen  Sharpies  System,  both  because  of  its  successful 
installation  in  the  English  glue  industry  and  because  of  its  novel  approach 
in  the  extraction  of  fats.  Certainly,  the  extraction  of  fats  from  tissues  by 
cold  water  is  contrary  to  all  previous  conceptions. 

In  this  process,  fatty  material  is  first  cut  or  broken  to  appropriate  size 
and  then  fed  through  an  impulse  Tenderer  with  about  7  times  as  much  cold 
water,  to  extract  the  fat  from  the  tissue.  The  impulse  Tenderer  is  a  type  of 
hammer  mill  with  rounded  hammers,  whose  object  is  not  to  grind  the  mate¬ 
rial  but  to  transmit  impulses  through  the  water,  blast  the  fat  from  the  cells, 
and  replace  it  with  cold  water.  From  this  point  on  the  process  and  equip¬ 
ment  varies  with  the  type  of  product  that  is  being  handled. 

If  bones  are  the  main  product  the  effluent  from  the  impulse  Tenderer 
is  discharged  into  a  separator  tank  and  the  residue  which  settles  is  continu¬ 
ously  elevated  by  a  worm,  washed  with  cold  water,  squeezed,  and  discharged 
into  another  receiver.  It  is  again  elevated,  washed  with  hot  water,  and  dis¬ 
charged,  ready  for  the  glue  process  or  dryer.  The  finished  product  contains 
about  2%  fat.  The  fat  from  the  cold  water  separator  is  continuously  skim¬ 
med  and  discharged  through  a  basket  centrifuge  with  a  skimmer  so  arranged 
that  fat  and  water  are  removed  while  fine  bone  or  fiber  are  retained.  The 
fat  and  water  are  fed  into  a  tank  provided  with  a  continuous  skimmer,  the 
skimmings  discharged  through  a  continuous  heater,  then  another  basket  cen¬ 
trifuge  to  separate  the  fat  from  fiber  and  most  of  the  water.  The  melted 
separated  fat  is  then  dried  through  a  moisture  separating  centrifuge.  Fat 
and  water  from  the  hot  water  separating  tank  are  run  through  a  nozzlejector 
type  of  centrifuge  where  the  fat  is  separated  from  the  water  and  fiber  and 
combined  with  the  other  fat  from  the  basket  centrifuge. 

As  the  bone  has  never  been  heated  it  contains  practically  all  of  the  glue 
or  gelatine  material  and  as  the  fat  is  melted  only  after  separation  from  pro¬ 
tein  material  and  is  handled  quickly  and  continuously  it  is  of  good  color  and 
flavor  and  similar  to  the  original  condition  in  the  cell. 

It  may  be  seen  from  this  brief  description  that  this  process  fulfills  many 
of  the  conditions  originally  set  forth  as  an  ideal  rendering  process.  The  fat 
is  nearly  the  same  as  that  existing  in  the  original  product.  It  produces  a 
residue  with  no  deterioration  but  of  enhanced  value.  It  gives  high  efficiency 
at  a  minimum  of  cost  for  labor. 

However,  because  of  the  high  original  cost  of  the  equipment  and  the 
royalty  involved  it  is  not  particularly  adaptable  for  small  installations  or 
reduced  loads. 

Work  has  been  in  progress  to  adjust  this  process  to  other  products  be¬ 
sides  bone,  especially  soft  fats.  This  calls  for  a  different  setup  immediately 
after  the  impulse  Tenderer.  Since  there  is  little  residue,  for  instance,  from 
lard  fats,  that  would  settle  to  the  bottom,  the  separating  would  be  discarded 
and  the  effluent  run  directly  to  the  first  basket  centrifuge.  Here  the  water 
and  fat  would  be  separated  from  the  fiber  and  discharged  into  what  corre- 
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sponds  to  the  second  fat  collecting  tank.  The  fat  would  be  run  through  a 
heater  and  separated  from  the  water  and  fiber  in  the  second  basket  centri¬ 
fuge  and  finally  polished  in  a  moisture  separating  centrifuge. 

The  fiber  from  the  first  and  second  centrifuges  is  repulped  and  passed 
through  a  super  decanter  type  centrifuge  to  separate  fiber  from  the  fat  and 
water  and  the  wet  fat  is  heated  and  centrifuged  through  the  polisher. 

Unfortunately,  thus  far  soft  fats  do  not  respond  100%  to  the  impulse 
Tenderer  and  interfaces  of  partially  separated  tissues,  fat,  and  water  are 
formed  which  interfere  with  the  clean  separation  of  fat.  More  work  has  to 
be  done  before  the  process  can  be  definitely  outlined.  Unfortunately  also, 
the  economics  of  this  process  as  applied  to  soft  fats  are  entirely  different 
from  that  of  handling  bone.  A  unit  capable  of  handling  12000#  of  fat  per  hour 
is  estimated  to  cost  approximately  $175,000  installed.  Returns  on  this  would 
have  to  be  obtained  either  from  added  returns  on  improved  lard  or  from  im¬ 
proved  residue.  If  no  added  return  is  obtained  from  the  lard,  for  each  addi¬ 
tional  cent  per  cwt.  spent  on  the  raw  product,  an  additional  25£  per  cwt.  of 
residue  would  have  to  be  obtained.  This  would  probably  mean  elevating  it 
to  the  edible  classification. 

There  have  been  successful  runs  on  bacon  skins  and  pig  skins  for  glue 
or  gelatine  purposes  by  this  process  but  to  operate  successfully  on  a  wide 
range  of  mixed  products  still  remains  a  problem  to  be  solved. (1) 

I  have  outlined  for  you  the  newest  rendering  processes  that  have  recently 
been  receiving  consideration.  The  question  might  well  be  raised  -  "What  do 
you  recommend?"  This  question  is  not  capable  of  a  simple  answer  and  each 
one  must  decide  for  himself,  depending  on  his  objectives  and  his  views.  Do 
you  want  to  make  glue?  Do  you  want  to  make  lard?  Do  you  want  to  make 
oleo  ?  Do  you  believe  that  a  bland  flavor  and  low  fatty  acid  in  lard  will  bring 
a  premium  when  sold  as  lard?  Do  you  believe  lard  residue  can  be  produced 
for  edible  purposes?  Do  you  believe  a  protein  residue  will  bring  a  premium 
if  it  preserves  its  original  properties  unchanged?  Do  you  want  to  consider 
a  plant  for  a  new  installation  or  a  replacement  of  facilities  that  are  still 
operating? 

Probably  no  two  people  will  answer  all  of  these  questions  alike.  You 
therefore  have  to  base  your  decision  on  your  own  answers  after  your  study 
of  your  own  problems. 

I  do  believe,  however,  that  if  there  is  anything  that  the  industry  can  suc¬ 
cessfully  and  advantageously  co-operate  on,  it  is  the  development  of  im¬ 
proved  processes  for  rendering  with  improvement  of  fats  and  residue  and 
elimination  of  any  possible  objectionable  odors. 


1. 

2. 

3. 
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II 


THE  FUNCTION  OF  SHORTENING  IN  BAKERY  PRODUCTS 


William  B.  Bradley 
American  Institute  of  Baking 
Chicago,  Illinois 


I  have  been  asked  to  cover  the  functions  of  shortening  in  baked  foods  in 
the  few  minutes  allotted  speakers  on  this  program.  Obviously,  in  view  of 
the  extensive  literature  on  this  subject,  full  coverage  will  be  impossible. 
For  this  reason  I  have  deemed  it  advisable  to  limit  my  remarks  to  some  of 
the  more  recent  developments  in  this  field. 

Every  dictionary  contains  a  definition  of  the  word  shortening,  a  term 
which  originally  was  derived  from  the  Swedish  word  shor  which  means  brit¬ 
tle.  Although  the  exact  definition  varies  from  one  dictionary  to  another, 
each  generally  mentions  an  animal  fat  such  as  lard  or  butter  as  an  example 
of  shortening,  and  each  considers  the  effect  of  these  fats  on  baked  foods  to 


make  such  foods  crisp  or  friable. 

A  few  of  you  may  have  been  in  the  meat  packing  business  when  animal 
fats  enjoyed  the  privilege  of  superiority  in  the  shortening  field.  You  may 
have  been  in  the  meat  packing  business  when  lard,  butter  and  the  harder 
animal  fats  blended  with  vegetable  oil  to  form  compound  shortening  were 
in  great  demand  and  prices  were  relatively  high.  If  so,  you  have  witnessed 
the  development  of  a  new  industry,  an  industry  based  on  the  introduction  in¬ 
to  this  country  of  the  Crossfield  patents  covering  the  hydrogenation  of  oils 
-  patents  which  have  enabled  an  industry,  born  in  1909,  to  develop  into  one 
of  the  major  industries  in  this  country  and  your  chief  competitor  in  the  field 
of  one  of  your  important  by-products.  Further,  perfection  of  the  hydrogena¬ 
tion  process  has  enabled  the  development  of  shortening  possessing  charac¬ 
teristics  superior  to  those  built  into  animal  fats  by  mother  nature,  and  su¬ 
perior,  too,  to  the  characteristics  acquired  by  blending  hard  animal  fats 
with  vegetable  oils.  The  term  shortening  has  thus  grown  to  include  a  wider 
group  of  fats  than  is  covered  by  the  classical  examples,  lard  and  butter, 
given  in  dictionary  definitions. 

In  1933  emulsifying  agents  were  introduced  into  shortening  to  form  the 
so-called  emulsifying  or  super-glycerinated  shortenings.  Use  of  such  prod¬ 
ucts  made  possible  the  production  of  cakes  from  batters  containing  more 
liquid  ingredients  and  sugar,  cakes  which  differed  appreciably  from  those 
which  had  heretofor  been  possible.  The  original  emulsifying  agent  used  for 
this  purpose  was  a  mixture  of  mono  and  diglycerides,  hence  the  name 
"super-glycerinated  shortening"  since  the  resulting  product  had  a  higher 
proportion  of  glycerol  to  fatty  acid  than  is  normally  found  in  fats.  In  the 
last  few  years  other  emulsifying  agents  have  been  used  by  the  baker  to  serve 
the  same  functions  as  were  originally  performed  by  the  monoglycerides. 

Testimony  before  the  Food  and  Drug  Administration,  at  the  time  ol  the 
hearings  to  establish  standards  of  identity  for  bread,  was  introduced  to  es¬ 
tablish  the  fact  that  monoglycerides  of  fat  forming  fatty  acids  are  actua  y 
shortenings  not  just  adjuncts  to  shortenings.  One  witness  testifying  in  be¬ 
half  of  a  packing  company  states,  "the  record  is  replete  with  the  evidence 
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that  mono  and  diglycerides  are  wholesome  fats  and  are  useful  and  suitable 
for  shortening  purposes”  and  he  further  stated  "we  intend  to  supplement 
the  record  with  additional  testimony  to  the  effect  that  mono  and  diglycerides 
are  true  shortenings  and  that  the  amounts  of  mono  and  diglycerides  should 
be  limited.  We  believe  that  straight  mono  and  diglycerides  will  qualify  under 
the  term  'shortening'  in  all  respects  and  that  they  should  be  found  to  be 


shortenings." 

I  mention  specifically  this  testimony  in  regard  to  monoglycerides  be¬ 
cause,  if  they  are  classified  as  shortening,  the  door  is  open  for  the  inclusion 
under  this  terminology  of  an  unlimited  number  of  chemicals  whose  action  in 
baked  foods  is  similar.  I  have  in  mind  substances  such  as  polyoxyethylene 
monostearate  which  has  had  some  acceptance  as  a  bread  softener.  Inclusion 
of  these  substances  as  shortenings  broadens  the  definition  materially  to 
cover  substances  whose  chemical  makeup  is  quite  different  from  the  classi¬ 
cal  examples  of  lard  and  butter.  The  inclusion  of  certain  surface  active 
agents  in  the  definition  of  shortening  also  broadens  the  list  of  functions  about 
which  I  am  to  talk  today. 

The  functions  of  shortening  vary  from  one  baked  food  to  another.  A 
major  function  of  shortening  in  bread,  for  instance,  is  not  present  in  cake, 
or,  if  present,  plays  such  a  minor  role  as  to  be  negligible.  The  function  of 
shortening  in  the  leavening  of  cake  is  not  utilized  in  bread  production. 

One  function  of  shortening  common  to  all  baked  foods  is  that  of  produc¬ 
ing  a  "shorter"  or  more  tender  product.  This  function  in  the  case  of  many 
baked  foods  is  usually  measured  subjectively,  although  the  Shortometer  de¬ 
veloped  by  Davis  and  Bailey  for  measuring  the  shortening  value  of  a  fat  or 
the  shortness  of  a  biscuit  or  cracker  produced  by  a  formula  variation  re¬ 
ceives  official  recognition  to  the  extent  that  it  is  described  in  Cereal  Labo¬ 
ratory  Methods,  the  official  publication  of  the  American  Association  of 
Cereal  Chemists.  Because  this  apparatus  is  designed  to  measure  the  force 
required  to  fracture  a  brittle  baked  product,  the  data  obtained  through  its 
use  and,  therefore,  most  of  the  objective  data  in  the  literature  on  the  short¬ 
ening  value  of  fats  have  been  obtained  using  crackers,  biscuits  or  pie  crusts. 
These  data  indicate  superior  shortening  value  of  lard  and  it  is  for  this  rea- 
son  that  lard  is  the  shortening  of  preference  in  pie  dough  production.  Prop¬ 
erly  stabilized  to  prevent  the  development  of  oxidative  rancidity  it  is  a  short¬ 
ening  having  considerable  merit  in  cracker  and  biscuit  production. 

A  few  investigators,  using  equipment  of  their  own  design,  have  reported 
figures  intended  to  show  the  comparative  shortening  value  of  various  prod¬ 
ucts  in  soft  baked  foods  to  which  the  Shortometer  is  not  applicable.  Carlin 

d  flg“res  °n  tie  relative  shortening  value  of  fats  and  monoglyc- 
endes  when  used  in  bread.  These  data  had  been  obtained  using  an  apparatus 
that  measured  the  force  necessary  to  cut  a  disk  from  the  center  of  Justice 

afdouthdr  Ht6  f°Und  that  the  shearing  strength  of  a  slice  of  bread  made  from 
h,rH  fgh  COntainingn°  shorteninS  was  94  units  while  the  use  of  four  parts  of 
lard  for  each  one -hundred  parts  of  flour  in  the  dough  produced  a  loaf  havin? 

ably  Fo”r^^dtcCOn8idder- 

words,  it  woufdslT^t  ™  T  reJngth  by  eleve"  “nits.  In  other 
in  shortening  value  as  lard  itself"08  yCende  was  about  ten  times  as  effective 

Further  experiments  were  reported  by  Hopper  in  which  he  used  an  ap- 
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paratus  to  determine  the  tensile  strength  of  a  loaf  of  bread  by  measuring 
the  force  necessary  to  pull  a  loaf  of  bread  apart.  The  crust  of  the  loaf  at 
the  midline  was  cut  with  a  knife  so  that  the  force  necessary  to  pull  only  the 
crumb  apart  was  measured.  Hopper  varied  the  formula  from  0  to  6%  of 
either  lard  or  monoglyceride.  Bread  made  without  shortening  had  a  tensile 
strength  of  55  grams  per  square  centimeter.  Bread  made  with  6%  lard  on 
the  other  hand  had  a  tensile  strength  of  50  grams  per  square  centimeter. 

Six  per  cent  lard  had  decreased  the  tensile  strength  by  5  units.  The  same 
decrease  in  tensile  strength  was  accomplished  through  the  use  of  1/2  of  1% 
of  monoglyceride  indicating  that  the  monoglyceride  was  ten  times  as  effective 
in  reducing  tensile  strength  as  was  the  lard.  If  tensile  strength  actually  is  a 
measure  of  shortness  of  the  crumb  it  would  appear  that  monoglycerides  have 
great  shortening  value. 

Carson,  Marnett  and  Selman  have  determined  the  shortening  value  of 
polyoxyethylene  monostearate.  For  this  purpose  they  used  equipment  of 
their  own  design  which  consisted  of  a  plunger  attached  to  an  aluminum  fun¬ 
nel  and  an  automatic  shot  loading  device  to  feed  shot  into  the  funnel  at  a  con¬ 
stant  rate.  The  action  of  the  plunger  was  guided  through  a  glass  tube.  Inas¬ 
much,  as  the  shot  was  fed  into  the  funnel  at  a  uniform  rate,  a  measure  of  the 
time  required  for  the  plunger  to  penetrate  the  crust  of  the  loaf  was  actually 
a  measure  of  the  force  applied  to  the  plunger.  Position  of  the  plunger  on 
the  side  crust  of  the  intact  loaf  of  bread  was  determined  through  the  use  of 
a  template.  These  investigators  found  that  the  use  of  3%  lard  in  the  bread 
formula  reduced  the  time  necessary  for  the  plunger  to  penetrate  the  crust  of 
the  loaf  by  eleven  seconds,  while  the  use  of  1/2  of  1%  of  polyoxyethylene 
monostearate  reduced  the  time  by  almost  19  seconds.  These  figures  indicate 
that  polyoxyethylene  monostearate  has  about  five  times  the  shortening  value 

of  lard.  .  . 

It  is  possible  that  similar  evidence  could  be  obtained  to  demonstrate  tne 

shortening  value  of  many  other  chemicals  and  if  so  we  have  a  further  broad¬ 
ening  of  the  dictionary  definition  at  least  insofar  as  function  is  concerned. 

Shortenings  perform  many  functions  in  baked  foods  other  than  that  of 
making  the  baked  foods  more  friable.  It  can  easily  be  demonstrated  that  the 
use  of  a  very  small  quantity  of  shortening  in  a  bread  dough  will  produce  bread 
of  a  greater  volume  than  that  which  can  be  produced  from  doughs  containing 
no  added  shortening.  This  is  particularly  apparent  in  doughs  made  from 
whole  wheat  flour.  Evidence  indicates  that  the  effect  upon  volume  is  a  func¬ 
tion  of  the  melting  point  of  the  fat  but  that  shortenings  such  as  lard  have  suf¬ 
ficiently  high  melting  point  to  give  suitable  volume  to  commercial  bread  It 
is  surprising  how  little  shortening  is  required  to  produce  maximum  volume 
in  bread.  As  little  as  one-half  of  one  per  cent  of  lard  incorporated  m  brea^ 
dough  will  produce  as  much  effect  on  bread  volume  as  can  be  produced  through 
Te  use of  4  or  5%  lard.  Levels  of  shortening  in  excess  of  this  latter  quantity 
tend  to  reduce  bread  volume.  Monoglycerides  and  certain  other  surface 
tive  agents  have  the  same  effect  upon  bread  volume  as  does  fat.  It  1S  tb°uSh 
that  this  function  of  shortening  is  due  to  the  ability  of  sh°^te"|"g  °  ™  e 
gluten  envelopes,  which  serve  to  trap  the  gases  produced ^  the 
imnervious  to  these  gases.  Thus,  less  gas  escapes  during  the  baking  of  the 
bread  and  greater  oven  spring  or  expansion  during  the  baking  process  is  ob¬ 
tained.  haye  long  been  used  in  bread  to  produce  a  softer  loaf.  Al¬ 

though  the  production  of  soft  bread  has  been  criticized  frequently -in  the  P  - 
Uc  press  b?  writers  who  seem  to  prefer  the  firmer  more  compact  loaf  that 
grandma  made,  softness  has  long  served  as  an  index  of  fr^bness  to  i the 
Purchaser  She  squeezes  the  bread  on  the  grocer  s  shelf  and  selects  t 
softest  loaf  because  she  believes  that  it  represents  the  freshest  loaf. 
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Monoglycerides  make  possible  production  of  bread  softer  than  can  be 
produced  through  any  quantity  of  neutral  fat.  Polyoxyethylene  monostearates 
make  possible  the  production  of  softer  bread  than  can  be  produced  through 
the  use  of  equivalent  amounts  of  monoglycerides. 

A  study  of  the  action  of  monoglycerides  and  polyoxyethylene  mono- 
stearates  has  revealed  the  mechanism  of  their  action  on  producing  softer 
bread.  If  one  examines  the  starch  granules  from  bread  made  with  tri¬ 
glycerides  as  the  only  shortening,  he  finds  that  the  granules  have  swollen 
appreciably  during  the  baking  of  the  bread  and  that  many  of  them  are  frag¬ 
mented  indicating  that  they  have  started  to  disintegrate.  Much  of  the  water 
used  in  the  dough  has  been  absorbed  by  the  starch  during  the  swelling  proc¬ 
ess  brought  about  by  the  heat  of  the  oven.  However,  the  quantity  of  water 
used  in  a  bread  dough  is  not  sufficient  to  cause  complete  geiatinization  of 
the  starch  during  the  baking  process. 

Examination  of  starch  from  bread  made  with  monoglycerides  and  even 
to  a  greater  extent  bread  made  from  polyoxyethylene  monostearates  reveals 
that  the  starch  granules  have  not  swollen  to  so  great  an  extent.  Examination 
also  reveals  that  few  starch  granules  have  undergone  any  fragmentation.  It 
would  appear  that  the  monoglycerides  and  polyoxyethylene  monstearates 
have  acted  to  retard  the  swelling  of  the  starch  granule  thus  forming  a  softer 
starch  paste  within  the  gluten  framework  and  a  softer  loaf. 

Further  evidence  of  the  action  of  monoglycerides  has  been  reported  by 
Carlin.  We  have  obtained  similar  results  for  both  monoglycerides  and  poly¬ 
oxyethylene  monostearates  in  our  laboratory.  If  one  suspends  starch  in  water 
and  heats  the  resultant  suspension  at  a  uniform  rate  to  a  given  temperature, 
a  certain  amount  of  geiatinization  of  starch  takes  place.  If  he  permits  the 
resulting  starch  suspension  to  stand,  the  starch  granules  will  settle.  The 
volume  occupied  by  the  starch  granules  after  they  have  settled  depends  upon 
the  degree  of  their  swelling  during  the  geiatinization  period.  Carlin  has  per¬ 
formed  this  experiment  using  slurries  of  starch  and  water;  starch,  water 
and  lard;  and  starch,  water  and  monoglyceride.  He  reported  no  difference 
in  the  degree  of  swelling  of  the  starch  in  the  slurries  containing  no  shorten¬ 
ing,  and  the  slurries  containing  only  lard.  In  the  case  of  the  slurries  con¬ 
taining  monoglycerides  the  volume  of  the  starch,  after  settling,  was  appre¬ 
ciably  smaller  indicating  less  swelling  of  the  starch  granules  during  the 
heating  process. 

We  have  confirmed  these  results.  We  have  also  demonstrated  that 
equivalent  amounts  of  polyoxyethylene  monostearate  produce  a  greater  re¬ 
tardation  in  the  swelling  of  the  starch  granule  than  that  produced  through 
the  use  of  monoglyceride. 

When  one  partially  gelatinizes  starch  in  this  manner  a  certain  amount 

of  starch  is  extracted  from  the  granule.  Because  of  this,  the  liquid  above 

he  settled  starch  granules  will  give  a  blue  color  with  iodine  indicating  the 

strpTrTi°hvfft1Ved  starch.  Monoglycerides  and  polyoxyethylene  mono- 

0  tn  Hhlblt  uhlS  extractlon  of  starch  so  that  the  supernatant  liquid  above 

furthfrtlnh«!far^hf?rfnUleS  WlU  n0t  give  a  blue  color  with  iodine.  It  has  been 

PTMitftae  (torch 'whi^T®  rerides  and  polyethylene  monostearate  wilt 
starch  which  has  been  previously  solublized  If  these  aeenfc;  am 

added  to  a  hot  starch  gel,  the  gel  will  not  set  up  to  a  thick  paste  whfn  U  cools 

because  the  agents  precipitate  that  starch  fraction  which  is  responsible  for  ’  ’ 

softening  effect  of  fat  incorporated  in  the  bread  formula  may  be 
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explained  on  the  same  basis.  Kuhrt  and  vVelch  have  analyzed  bread  made 
with  lard  which  was  originally  free  of  monoglycerides.  Their  analyses  re¬ 
veal  a  significant  quantity  of  monoglyceride  in  the  finished  loaf  of  bread. 
These  monoglycerides  formed  through  the  partial  hydrolysis  of  the  triglyc¬ 
erides  of  lard  might  be  due  to  the  action  of  lipases  present  in  flour  or  in 
yeast.  Some  of  the  monoglycerides  found  may  have  been  due  to  the  heating 
of  the  lard  in  the  presence  of  the  dough  water.  Some  of  them  may  have  been 
formed  during  the  cooling  of  the  bread  or  during  subsequent  storage.  That 
portion  formed  during  the  fermentation  of  the  dough  and  during  the  initial 
heating  of  the  bread  in  the  baking  process  could  cause  retardation  of  the 
swelling  of  the  starch,  an  elimination  of  some  of  the  soluble  starch.  This 
may  account  for  the  minor  softening  effect  of  neutral  fats  incorporated  in 
bread  formulae. 

Shortening  performs  a  function  in  cake  which  it  is  not  known  to  perform 
in  bread.  In  cake  doughs  shortening  is  distributed  in  small  lakes  throughout 
the  dough.  In  each  of  these  lakes  air  bubbles  are  incorporated.  This  air  has 
been  "creamed  in"  during  the  mixing  of  the  cake  batter.  These  tiny  air  bub¬ 
bles  serve  as  the  nuclei  for  the  formation  of  the  cells  of  the  cake  structure. 
Carbon  dioxide  given  off  from  the  baking  powder  and  increasing  quantities 
of  water  vapor  formed  as  the  cake  batter  temperature  is  raised  gather  at 
these  nuclei. 

Carlin  has  demonstrated  this  function  of  shortening  through  the  use  of 
an  ingenious  experimental  setup.  He  has  actually  baked  cake  batter  under 
the  microscope  and  has  photographed  the  changes  which  occur  in  the  batter 
as  its  temperature  increases.  The  movie  which  he  has  made  reveals  the 
presence  of  the  air  bubbles  in  the  fat  lakes,  demonstrates  the  melting  of  the 
fat  during  the  baking  process  so  that  the  air  bubbles  are  released  into  the 
water  phase  of  the  batter  and  reveals  the  growth  of  these  small  bubbles  as 
the  carbon  dioxide  and  water  vapor  accumulate.  As  the  bubbles  increase  in 
size  the  batter  "rises"  to  produce  the  lightness  of  the  finished  product.  His 
experiments  also  reveal  the  action  of  monoglycerides  in  dispersing  the  fats 
into  smaller  lakes  throughout  the  batter  so  that  more  nuclei  are  present  for 
cellular  formation.  This  increased  distribution  of  nuclei  accounts  for  the 
improved  texture  and  grain  of  cakes  produced  with  the  emulsifying  type 

shortenings.  .  .  , 

I  have  not  attempted  to  cover  all  of  the  functions  of  shortening  in  baked 
foods  and  I  have  not  attempted  to  give  details  concerning  any  of  them  but  I 
have  tried  to  make  certain  comparisons  of  shortenings  as  we  have  known 
them  throughout  the  years  and  newer  substances  which  have  been  introduced 
into  the  baking  field  to  perform  the  same  functions  as  the  fats  which  consti¬ 
tute  your  major  by-product.  I  have  also  attempted  to  show  that  some  of 
these  agents  perform  these  functions  more  efficiently  than  fats  themselves. 
These  newer  ingredients,  some  of  which  represent  your  ingenuity  and  some 
of  which  represent  ingenuity  of  your  competitors,  offer  a  challenge  for  e 
continued  improvement  of  your  products  so  that  animal  fats  may  compete 
favorably  with  the  products  of  the  chemical  industry. 
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ESTERIFIED  AND  INTERESTERIFIED  FATS 

A.  E.  Bailey 
The  HumKo  Company 
Memphis,  Tennessee 

A  broad  definition  of  esterified  and  interesterified  fats  or  oils  must 
include  a  number  of  products  which  are  chemically  quite  dissimilar  to  natu¬ 
ral  fats  and  oils,  and  which  are  valuable  for  such  properties  as  their  surface- 
activity  or  their  ability  to  polymerize  readily.  The  present  discussion,  how¬ 
ever,  will  be  limited  to  a  somewhat  narrower  class  of  materials.  Here  the 
term  "esterified  fats"  will  be  used  only  in  reference  to  edible  products  made 
by  reacting  fatty  acids  and  glycerol  to  form  triglycerides.  And  the  term 
"interesterified  fats"  will  refer  to  neutral  fats  which  have  been  treated  in 
such  a  manner  as  to  effect  an  interchange  or  rearrangement  of  fatty  acid 
radicals  amongst  pre-existing  triglyceride  molecules. 

At  times  in  the  past  there  has  been  a  very  limited  production  in  this 
country  of  such  esterified  fats  as  shortenings  made  from  cottonseed  or  soy¬ 
bean  oil  fatty  acids,  and  confectioners'  fats  based  on  a  coconut  oil  fraction. 
Confectioners'  fats  and  other  specialty  fats  have  also  been  made  on  a  small 
scale  by  the  interesterification  of  coconut  oil  with  other  vegetable  fats.  Al¬ 
together,  however,  interest  in  other  esterified  or  interesterified  products 
has  been  small  in  comparison  to  the  present  very  great  interest  and  activity 
in  single  or  liquid-phase  interesterification  for  the  production  of  improved 
lard  shortenings.  For  this  reason,  the  following  discussion  will  deal  prin¬ 
cipally  with  this  one  subject. 


Nature  of  the  Process 

Interesterification  is  a  useful  process  because  of  the  rather  peculiar 
molecular  structure  of  the  triglycerides  which  make  up  the  bulk  of  all  oils 
and  fats.  Each  triglyceride  molecule  contains  three  fatty  acid  radicals,  and 
it  is  the  nature  of  these  radicals  which  in  effect  determines  both  the  chemi¬ 
cal  and  physical  properties  of  the  triglyceride.  In  most  chemical  reactions, 
and  in  the  determination  of  many  physical  properties,  the  fatty  acid  radicals 
participate  more  or  less  independently  of  each  other,  so  that  in  any  one  fat 
i  does  not  greatly  matter  just  how  a  given  assortment  of  fatty  acid  radicals 
may  be  grouped  in  the  different  triglyceride  molecules.  The  iodine  value  of 

HnnaH  1S  purely  dependent  upon  the  overall  fatty  acid  composi¬ 

tion  and  is  not  related  to  the  glyceride  structure,  and  the  refractive  index 

are^,  togS“hLatfeCted  *  ““  *hiCh  ** 

lnhm,any.  Pra<;tical  applications,  however,  the  melting  and  crystal- 

tributiorf^ofVfatt °f  18  ?  Prime  consideration,  and  here  the  dis- 

nrm ,11  *  fatty  acids  ^.of  great  importance,  for  melting  is  a  phe- 

lifiprt  n  governed  essentially  by  molecular  structure.  A  single  simp- 

ofehf  acicTradicaU  •beiltod-,A  Metical  fat  contains  stearfc  Td* 
acid  radicals  in  the  molar  ratio  of  1:2.  If  all  stearic  acid  radi- 
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cals  are  grouped  together  and  all  oleic  acid  radicals  together,  so  that 
the  fat  consists  of  a  mixture  of  one-third  tristearin  and  two-thirds  tri¬ 
olein,  it  will  melt  gradually,  over  the  range  of  about  5-67° C.  However,  if 
the  grouping  is  that  of  one  stearic  acid  radical  and  two  oleic  acid  radicals 
in  each  molecule,  so  that  it  consists  entirely  of  the  single  compound  stear- 
odiolein,  it  will  melt  sharply,  at  about  240C. 

Interesterification  may  be  regarded  as  a  sort  of  shuffling  process. 

Under  the  influence  of  the  proper  catalyst,  fatty  acid  radicals  undergo  free 
interchange  from  one  triglyceride  molecule  to  another,  and  eventually  at¬ 
tain  a  completely  random  distribution  amongst  all  triglyceride  molecules 
in  the  fat.  After  random  distribution  is  achieved  there  will  be  some  pro¬ 
portion  of  every  possible  triglyceride.  Furthermore,  the  proportion  of  each 
will  be  precisely  determined  by  the  molar  proportions  of  its  constituent  fat¬ 
ty  acids  in  the  original  fat,  and  can  be  calculated  therefrom  on  the  basis  of 
simple  probability  considerations.  Following  is  an  example  of  calculations 
of  the  percentages  of  the  four  possible  classes  of  triglycerides,  S-S-S, 

S-S-U  ,  S-U-U,  and  U-U-U  in  a  fat  containing  saturated  fatty  acids,  S,  and 
unsaturatecTfatty  acids',  l),~in  the  proportions  of  35%  S  and  65%  U.  This,  in¬ 
cidentally,  is  approximately  the  composition  of  the  mixed  fatty  acids  of 
average  prime  steam  lard. 


S-S-S  =  (3 5) 3  /10.000 
S-S-U  =  (35)2  (65)*  3/10,000 
S-U-U  =  (35)  (65)2-3/10,000 
U-U-U  =  (65)3  /10,000 


4.29% 

23.89 

44.36 

27.46 

100.00 


Since  esterfication  likewise  involves  an  essentially  random  combination 
of  fatty  acids,  the  composition  of  esterified  fats  can  be  similarly  calculated. 

It  is  well  established  that  in  both  plants  and  animals  the  natural  proc¬ 
esses  responsible  for  the  formation  of  fats  do  not  combine  fatty  acids  at  ran¬ 
dom,  but  produce  special  configurations  which  are  more  or  less  character¬ 
istic  for  each  plant  or  animal.  It  follows  therefore  that  interesterification 
invariably  produces  a  new  fat,  which  may  have  melting  and  crystallizing 
characteristics  dramatically  different  from  the  old. 

The  final  melting  point  of  a  fat,  which  depends  primarily  upon  its  con¬ 
tent  of  trisaturated  glycerides,  may  be  either  raised  or  lowered  by  inter¬ 
esterification,  depending  upon  whether  the  initial  content  of  this  class  of 
glycerides  is  lower  or  higher  than  that  corresponding  to  random  distribution. 
Lard,  fortuitously,  is  not  changed  to  any  marked  degree  by  interesterifica- 
tion,  either  in  melting  point  or  trisaturated  glycerides  content.  However, 
the  trisaturated  glycerides  in  interesterified  lard  are  not  identical  with 
those  in  the  original  fat,  and  there  is  apparently  a  considerable  change  in 
the  relative  proportions  of  disaturated,  monosaturated,  and  tnunsaturated 

glycerides. 


Peculiarities  of  Untreated  Lard 


than  those  of  vegetable  shortenings. 
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Figure  1.  Crystal  structure  of  lard  shortenings  made  with  (left) 
untreated  lard  and  (right)  interesterified  lard.  Photo¬ 
micrographs  of  commercial  products;  magnification 
(microscope)  x  450. 


In  the  commercial  preparation  of  cakes  and  certain  other  baked  goods 
it  is  highly  important  for  the  shortening  agent  to  incorporate  a  large  amount 
of  air,  which  plays  an  essential  role  in  the  leavening  of  the  cake.  Lard  short¬ 
enings  are  deficient  in  comparison  with  vegetable  shortenings  in  this  respect. 
A  comparison  between  a  vegetable  shortening  and  a  typical  hydrogenated 
lard  shortening  may  be  seen  in  Figure  2.  This  figure  shows  graphically  the 
amount  of  air  incorporated  in  the  shortening  at  the  end  of  each  of  four  mixing 
periods  during  the  preparation  of  a  yellow  pound  cake.  During  the  first  peri¬ 
od  (5  min.)  the  shortening  was  creamed  with  sugar;  during  the  second  (5 
nun.),  eggs  were  added;  during  the  third  (5  min.),  mixing  was  continued 
Without  further  addition  of  ingredients;  and  during  the  fourth  (3  min.),  milk 

torilv°wh  Were  a K  WlU  be  seen  that  the  lard  Product  creams  satisfac- 
torily  when  mixed  with  sugar  alone,  but  is  characterized  by  an  inability  to 

incorporate  air  er  even  to  retain  air  previously  incorporated,  after  the  liquid 

coarse' c'rysUl6 structure^  *  Pr°baMe  th‘S  ^“stic’is  reiated  K s 

.  AlS°  because  of  its  peculiar  crystal  structure,  lard  or  hvdroeenated  lard 
^nges  eratically  in  consistency  with  vicissitudes  in  its  temperature  of  stor- 


Interesterified  Lard  Products 

and  WerTorair-^t^ntanrit61,5'-  ‘he  COarSe  crystal  s‘™cture 

enables  the  shortening  manufacturer  t°o^ us^esefa^as^es^o’  ^ 

hydrog^ab^ v^eg^a^e^o^^^^addftk)1^  performance  to  those  made^ ram" 

Which  mahe  the 
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Figure  2.  Incorporation  of  air  (%  by  volume  on  basis  of  fat) 
-  in  mixing  yellow  pound  cakes  made  with  (A)  hydro¬ 
genated  vegetable  oil  shortening  and  (B)  hydro¬ 
genated  lard  shortening. 


vegetable  shortenings.  The  interesterified  lard  products  now  on  the  mar- 
ket  are  particularly  distinguished  by  a  long  plastic  range  and  a  remarkable 

resistance  to  high  temperatures.  ,nr.  are 

The  consistency  characteristics  of  interesterified  lard  shortenings  are 
illustrated  in  Figures  3  and  4,  which  show  dilatometncally  estimated  per- 
centages  of  solid?  in  typical  products  over  temperatures  ranging  from^^ 
10°C.  (50°F.)  up  to  complete  melting.  The  amount  of  solids  __ _ 

in?  at  anv  given  temperature  is  a  measure  of  its  firmness  at  that  temp 

ture,  inasmuch  as  shortenings  and  other  plastic  fats  are  ^tfonde- 

of  very  small  crystals  and  liquid  fat,  and  their  resistance  to  deformation 
pends  Vupon  interlocking  of  the  elongated  crystals  comprising  the  solid  phase. 

Figure  3  represents  solids  content  vs.  temperature  curves . °/h' "  n^dro- 
shortenings  including  a  conventional  vegetable  oil  shortening  y 

genaS  type  and  a  product  made  by  blending  interesterified  lard  with  a 
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SOLIDS  CONTENT 


Figure  3.  Solids  content  as  a  function  of  temperature  in 
baker’s  shortenings  based  on  (A)  hydrogenated 
vegetable  oil,  and  (B)  interester  if  ied  lard. 


minor  proportion  of  highly  hydrogenated  fat.1  It  will  be  seen  that,  with  an 
equivalent  consistency  at  20-25° C.,  the  lard  product  is  not  only  softer  than 
the  vegetable  oil  product  at  10° C.,  but  considerably  firmer  in  the  high- 
temperature  range  of  30-45° C.  Similar  curves  for  two  household  shorten¬ 
ings,  one  based  on  hydrogenated  vegetable  oils  and  the  other  on  hydrogenated 
and  interesterified  lard,  are  shown  in  Figure  4.  Here,  the  use  of  a  hydro¬ 
genated  fat  has  lessened  the  difference  in  plastic  range,  but  still  the  supe¬ 
rior  high -temperature  body  of  the  lard  product  is  clearly  evident, 
i  ^  For  purposes  where  very  high  stability  is  required,  the  interesterified 
ard  products,  or  the  unhydrogenated  products,  at  least,  suffer  some  disad- 
vantage  for  the  linoleic  acid  content  of  normal  prime  steam  lard  is  higher 
some  vegetable  shortenings.  However,  for  ordinary  purposes 
:  '  brought  up  to  a  satisfactory  level  by  the  addition  of  anti- 

istS of’thTllrt  a70r’  VOr  stabil“y.  a"d  other  important  character- 
shortenings  products  are  m  "O  way  inferior  to  those  of  good  vegetable 


Technology  of  Interesterification 

some^nie'^in'Ia^T  °f  '"‘"esterification  on  lard  has  been  known  for 
ent  from tho'se  of toda? "°‘  eSsentia“y  dM"- 
the  late  1930's.  It  is  only  w itWn  the  Dast  lo  nrTh  am°UntS  as  long  ag0  as 
they  have  begun  to  assuJe  an^XTr^ 

*'  ^dftaconv^^bseTvSmeT6^ different  assamP“ons  were 
Samples  in  all  cases  were  untempered  *°  percentaSes  of  solids. 
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ture,  and  this  is  directly  traceable  to  two  relatively  recent  technological 
developments.  One  of  these  was  the  discovery,  first  revealed  by  Eckey  in 
1946,  that  under  proper  conditions  interesterification  can  be  quickly  and 
easily  carried  out  with  sodium  alkoxide  catalysts  at  low  temperatures  in 
ordinary  open  carbon  steel  vessels.  Before  this,  all  known  interesterifica¬ 
tion  techniques  involved  prolonged  treatment  of  the  fat  at  high  temperatures. 
The  other  was  the  development,  at  about  the  same  time  or  slightly  later,  of 
butylated  hydroxyanisole  as  an  antioxidant.  This  provided,  for  the  first  time, 
an  antioxidant  for  lard  comparable  in  effectiveness  and  overall  suitability  to 
the  natural  antioxidants  of  vegetable  oils. 


Figure  4.  Solids  content  as  a  function  of  temperature  in 

household-type  shortenings  based  on  (A)  hydro¬ 
genated  vegetable  oil,  and  (B)  hydrogenated  and 
interesterified  lard. 


All  present  commercial  interesterification,  insofar  as  is  known,  is  car¬ 
ried  out  with  the  aid  of  sodium  methoxide  as  a  catalyst As  details »  of  the 
method  have  been  reported  in  the  various  ptibne^10"8  of  Eckert hey  11 
not  be  repeated  here.  It  may  be  mentioned,  however,  that  the  use i  ol 
catalyst  leaves  a  residue  of  methyl  esters  of  fatty  acids  in  the  treated  fat, 
and  compete  or  practically  complete  removal  of  these 
hazard  of  toxicity,  requires  steam  deodorization  somewhat  more  seve 

tha" ChonfeXeSn^uriu^rLPsrfstoe the  ret™  for  interesterification  so 

radically  altering  the  crystal  habit  of  lard.  Two 

gested  One  of  these  is  that  this  effect  is  simply  a  matter  of  a  . 

relative  proportions  of  the  different  classes  of  triglycerides^  As  I"e"‘'oned 
above^lnteresterification  does  not  produce  any  very  grea  e  «  » 

amount  of  trisaturated  glycerides  in  lard.  fot  and  aft  interester i- 

content  vs.  temperature  curves  of  a  typical  lard  befo  followed  on 

f  icatton ~Tn  Figure  5.  Melting  of  trisaturated  glycerides  can  be  fonowed^n 
the  curves,  on^he  segment  beginning  with  a  discontinuity  at  about  29.5 
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Figure  5.  Dilatometric  curves  of  prime  steam  lard  (A)  be¬ 
fore,  and  (B)  after  interesterification. 


ending  at  about  44.5°  in  the  case  of  the  untreated  lard,  and  on  the  similar 
segment  between  about  26.5°  and  45°  for  the  interesterified  product.  How¬ 
ever,  from  the  position  of  the  preceding  segments  of  each  curve,  which  doubt¬ 
less  indicate  melting  of  disaturated  glycerides,  it  seems  probable  that  this 
class  of  glycerides  is  considerably  decreased  by  interesterification.  There 
would,  of  course,  be  a  corresponding  change  in  the  proportions  of  monosatu- 
rated  and  triunsaturated  glycerides. 

The  second  possibility  is  that  the  peculiar  crystal  habit  of  lard  is  due 
to  the  presence  of  glyceride  isomers  which  are  not  present  in  other  fats  and 
which  are  largely  eliminated  by  interesterification.  It  has  been  specifically 
suggested  that  the  oleodisaturated  glycerides  in  untreated  lard  have  the  oleic 
acid  radical  in  the  inner  or  beta  position  in  the  triglyceride  molecule,  where¬ 
as  those  in  interesterified  lard  have  the  oleic  acid  radical  largely  in  one  of 
the  outer  or  alpha  positions.  In  view  of  the  fact  that  lard  seems  to  be  quite 
unique  amongst  all  fats  in  its  tendency  to  deposit  large  crystals,  this  latter 
possibility  appears  to  be  the  more  likely. 
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IV 


RECENT  ADVANCES  IN  UTILIZATION  OF  ANIMAL  FATS* 

Waldo  C.  Ault 

Eastern  Regional  Research  Laboratory 
Philadelphia,  Pennsylvania 

One  of  the  most  reliable  ways  for  looking  into  the  future  for  any  indus¬ 
try  consists  in  reviewing  prior  developments  and  locating  its  present  posi¬ 
tion  as  precisely  as  possible.  In  view  of  its  importance  and  present  de¬ 
pressed  condition,  it  seems  especially  worthwhile  to  do  this  for  the  animal 
fat  industry. 

Economic  and  Technological  Background 

Because  of  the  glamour  which  has  been  attached  to  the  growth  of  certain 
segments  of  the  vegetable  oil  industry,  many  of  us  are  inclined  to  forget  that 
animal  fats  still  contribute  almost  half  of  the  total  fat  and  oil  production  in 
the  United  States. 

Nearly  3  billion  pounds  of  edible  animal  fats,  chiefly  lard,  are  produced 
each  year  in  the  United  States.  In  addition  we  produce  approximately  2-1/4 
billion  pounds  (over  one  million  tons)  of  inedible  fats  as  a  by-product  of  the 
livestock  industry.  It  is  desirable  to  keep  firmly  in  mind  this  by-product 
status  of  the  animal  fats.  Increased  demand  for  meats  resulting  from  both 
dietary  improvement  and  increasing  population  has  been  an  important  factor 
in  the  increased  production  of  these  fats.  Production  data  are  shown  in 
Table  1. 


Table  1  -  Production  of  Animal  Fats  and  Oils* 


Year 

Lard 

Inedible  Tallow  and  Grease 

(Billions  of  lbs.) 

Av.  1937  -  41 

2.09 

1.30 

1947 

2.32 

1.98 

1948 

2.50 

2.10 

1949 

2.63 

2.15 

1950 

2.85 

2.34 

1951 

2.93 

2.25z 

1.  Fats  and  Oils  Situation  153,  5  (1952) 

2.  Agricultural  Statistics,  1952. 


*  Contribution  from  the  Eastern  Regional  Research  Laboratory,  Phlla" 
delphia  18,  Pa.  One  of  the  laboratories  of  the  Bureau  of  Agricultural 
and  Industrial  Chemistry,  Agricultural  Research  Administration,  U.b 
Department  of  Agriculture. 
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Traditionally  this  abundant  supply  of  fats  has  found  its  principal  outlet 
as  lard  (edible)  and  for  use  in  the  manufacture  of  soap  (inedible)  and  other 
cleansing  agents.  Technological  developments  in  recent  years  have  resulted, 
however,  in  the  introduction  of  competitive  materials  from  other  sources 
which  have  found  substantial  favor  with  consumers.  In  studying  the  effects 
of  these  developments  it  is  interesting  to  compare  the  flow  of  fats  into  the 
soap  kettle  with  the  sales  of  synthetic  detergents  for  the  past  few  years. 
These  data  are  shown  in  Table  2. 


Table  2 


Year 

Tallow  and  Grease  1 
Consumption 
in  Soap 

Bulk2 

Detergent 

Production 

(Billions  of  lbs.) 

Av.  1937  -  41 

1.16 

0.18 

1947 

1.88 

0.7 

1948 

1.78 

.98 

1949 

1.66 

1.08 

1950 

1.81 

1.20 

1951 

1.66 

1.  Fats  and  Oils  Situation  156,  25  (1952) 


2.  J.  W.  McCutcheon,  Report  to  the  U.  S.  Department  of  Agriculture. 


From  these  data  it  can  be  seen  that  detergent  production  has  increased 
enormously  during  the  past  decade.  At  the  same  time  it  is  apparent  that  the 
consumption  of  fats  in  soap  has  failed~~to  keep  pace  with  increased  fat  produc¬ 

tion  and  increased  population.  About  a  year  ago  it  was  estimated  that  about 
350-400  million  pounds  of  inedible  fats  are  being  produced  which  have  no 
ready  domestic  use.  Exports  in  1952  of  about  700  million  pounds  indicate 
this  figure  may  be  conservative  at  present. 

Statistics  regarding  the  consumption  of  edible  fats,  chiefly  lard,  are  not 
so  revealing  because  this  product  continues  to  find  use;  it  continues  to  find 
use,  however,  only  at  substantial  sacrifice  in  income  to  the  livestock  industry 
as  is  shown  in  Figure  1,  which  is  discussed  below. 

The  economic  effects  resulting  from  this  contraction  of  effective  utiliza¬ 
tion  of  animal  fats  have  been  apparent  for  some  time  particularly  in  the 
margin  between  the  cost  of  the  live  animal  and  the  value  of  the  fat  produced 

rziZ  M  1S  Ultere?mg  to  briefly  review  the  picture  as  it  pertains  specifi- 
cally  to  the  pork  producing  segment  of  the  livestock  industry.  The  average 

1952mtonkhn^  T  rh- States* weighs  about  240  pounds.  November  11, 
1952  top  hogs  in  Chicago  brought  $17.40  cwt.  or  $41.76  for  this  average  hoe 

lard^orth^the  ^  a^erage  hog  can  be  expected  to  yield  about  35  pounds  of 

worth  the^18  will^ yie^d  ab^it  T^u^^of^inedibl^fat^^^ase)^^ 

that  the  resulting  deficit  of  US  n?  n  e  aWS  °*  supply  and  demand  and 

suiting  deficit  of  $5.07  per  hog  must  result  in  the  farmer  being 
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paid  that  much  lower  prices  for  his  hogs.  Since  about  75,000,000  hogs  are 
slaughtered  annually  in  the  United  States  the  reduced  income  of  farmers 
resulting  from  low  fat  prices  is  estimated  to  cost  them  approximately  $400 
million  per  annum. 


cost:  $8.70  ™but  »  returns:  $  3.63 


DIFFERENCE,  $  5.07/ HOG,  MUST  COME  FROM  LOWER 

PRICE  TO  FARMER 

(75  MILLION  HOGS  SLAUGHTERED  ANNUALLY) 

ALL  PRICES  TOP  WHOLESALE  AT  CHICAGO,  HOVE  M  BER  17,1952 

Figure  1.  Effect  of  Reduced  Demand  for  Animal  Fats 


The  figures  are  especially  depressing  because  lard  is  an  edible  product 
which  has  many  advantages  over  crude  vegetable  oils  as  a  starting  material 
for  shortening  manufacture.  Yet  on  the  same  day,  November  17,  1952,  it 
was  bringing  about  60  per  cent  as  much  as  crude  cottonseed  oil  ($0.13-7/8 
per  pound)  and  about  70  per  cent  as  much  as  crude  soybean  oil  ($0.1175  per 
pound,  Decatur,  Illinois). 

The  corresponding  picture  for  fats  derived  from  cattle  and  sheep  shows 
an  even  greater  discrepancy  with  respect  to  the  per  pound  price  of  the  ani¬ 
mals  at  the  packing  plant  and  the  return  derived  from  their  fatty  tissues.  In 
the  first  place  the  price  per  pound  of  cattle  and  lambs  ($34.25  and  $22.50  per 
cwt.  respectively,  Chicago,  November  17,  1952)  is  usually  greater  than  for 
hogs.  Secondly,  most  of  the  tallow  from  these  animals  is  inedible  and  con¬ 
sequently  commands  a  considerably  lower  price  than  lard  (Fancy  tallow, 
$0.0588,  November  17,  1952).  Hence,  although  statistics  are  not  available 
to  us  in  the  form  necessary  to  make  the  detailed  calculations  shown  or  ar 
above,  it  seems  certain  that  the  deficit  of  income  from  fatty  tissues  of  beef 
and  sheep  must  be  of  the  same  order  of  magnitude  as  that  from  lard  or 

grease. 


Current  Surplus  Situation 

It  should  be  added  that  the  price  pattern,  unfortunate  as  it  1S>  failfJ° 
tell  the  whole  story.  Because  of  the  shortage  of  domestic  outlets  e  ' 
try  has  become  increasingly  dependent  upon  the  export  marke 1 r®“0a0Dly 
estimated  exports  of  tallow  and  grease  during  1952  were  about  700,000,000 

P  This  picture  has  not  always  prevailed.  Until  the  last  few  years,  the 
average  price  of  lard  was  very  close  to,  and  much  of  the  time  exceeded, 
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that  of  hogs,  and  prior  to  1920  this  was  also  true  for  inedible  tallow  as  shown 
in  Figure  2.  As  noted  above,  the  present  picture  has  slowly  developed  follow¬ 
ing  the  introduction  of  competitive  materials  from  other  sources  which  have 
found  substantial  favor  with  consumers. 


226% 


doto  from  the  bureou  of  ogriculturol  economics,  (u.  s  d  o.) 

Figure  2.  Trend  in  Pork  Product  Prices 

Since  production  of  by-product  fats  cannot  readily  be  substantially  cur¬ 
tailed,  the  nature  of  the  action  to  be  taken  in  order  to  bring  about  improve¬ 
ment  in  this  important  segment  of  the  livestock  industry  becomes  "the  $64 
question."  Although  several  suggestions  have  been  made,  the  one  most  fre¬ 
quently  heard  and  the  one  discussed  below  is  research.  This  constitutes  a 
logicai  answer  in  at  least  one  respect  because  most,  if  not  all,  of  the  com¬ 
petitive  materials  which  are  displacing  animal  fats  have  originated  through 
research  Research  to  date  on  animal  fats  has  not  been  conducted  on  the 
rn^I6f!fCale^aS  Slmilar  research  on  such  competitive  materials  as  petroleum, 

keen  udZ  re"  'e«etable  oils-  Therefore,  animal  fats  have  been  unable  to 
Keep  up  the  competitive  pace. 

hrionmCe  ^esearch  can  take  several  directions,  it  is  well  to  review  very 
riefly  past  accomplishments  in  order  to  have  knowledge  of  specific  direc¬ 
tions  m  which  there  have  been  indications  of  progress 

M  °ne  interesting  trend  in  the  edible  fat  field  is  shown  by  statistics  re 
?n“e  Th«:S:dr,e0'  a"imal  ,ats  ia  shortemngs.  The  fare  sh^ 

lard  into  shoTf  StatlS  lcs  show  a  raPid>y  Browing  tendency  to  convert 
6  years  shown  "it'll  *"  taCt’  SUCh  conversi°n  has  increased  tenfold  in  the 

for  1952  a  sX, If  Wurth" ^ifcrease^Ul  “*“*>»* 

part  of  the  year  the  conversion  rate  to  otct  SM  Zfi™*  J "B  the  latter 

«  is  worth  noting  that  this  phenomenal  increase IT  S-SlK 
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Table  3  -  Fats  and  Oils  Used  in  Manufacture  of  Shortening1 


(Millions  of  lbs.) 
Av. 

1937-41  1946  1947 

1948 

1949 

1950 

1951 

Lard 

16 

20 

101 

114 

127 

177 

206 

Tallow,  Edible 

55 

44 

44 

29 

18 

17 

13 

Oleostearin 

26 

13 

19 

15 

12 

14 

9 

Oleo  Oil 

1 

1 

1 

1 

-- 

-- 

-- 

1.  Fats  and  Oils  Situation  156,  22  (1952) 


ening  has  been  made  possible  by  research;  research  which  led  to  discovery 
of  the  antioxidants  being  used  and  methods  for  controlling  the  texture  and 
physical  properties  of  the  products.  These  statistics  also  support  the  con¬ 
tention  of  a  number  of  chemists  that  the  basic  scientific  information  neces¬ 
sary  to  prepare  a  satisfactory  shortening  from  animal  fats  including  lard 
is  substantially  all  availabe. 

One  recent  development  which  offers  some  promise  for  increased  utili¬ 
zation  of  animal  fats  is  the  development  of  acetoglycerides.  These  com¬ 
pounds  now  being  actively  investigated  at  the  Southern  Regional  Research 
Laboratory  as  well  as  at  a  number  of  industrial  laboratories,  have  unusual 
physical  properties  seldom  found  in  fatty  materials.  Hence,  although  it  may 
be  too  early  to  predict  exact  outlets,  this  interesting  class  of  compounds 
promises  to  find  substantial  utilization  in  those  fields  of  use  where  these 
unusual  physical  properties  are  valuable. 

In  view  of  the  fact  that  modern  science  has  tended  to  make  fats  and  oils 
interchangeable  within  broad  limits,  one  wonders  why  more  edible  animal 
fats  are  not  finding  outlet  in  such  rapidly  growing  fields  as  margarine,  salad 
dressings  and  the  like.  The  experience  shown  above  in  developing  shorten¬ 
ings  from  animal  fats  might  indicate  considerable  possibility  for  success  in 
these  additional  markets  provided  sufficient  research  and  sales  effort  were 
put  into  the  problem. 

Let  us  now  turn  our  attention  to  the  inedible  animal  fats.  The  principal 
inedible  fats,  other  than  those  used  in  the  drying  oil  industry  are  tall  oil, 
vegetable  oil  "foots”  obtained  as  a  by-product  from  the  caustic  refining  of 
such  edible  fats  as  cottonseed  and  soybean  oil,  and  those  animal  fats  obtained 
as  an  important  by-product  of  meat  production,  inedible  chiefly  for  aesthetic 
reasons.  Of  these  three  raw  materials,  the  inedible  animal  fats  are  by  far 
the  most  important  volume-wise.  All  fats  consist  almost  exclusively  of 
chemical  combinations  of  a  mixture  of  fatty  acids  and  glycerol.  Upon  hydro¬ 
lysis,  animal  fats  yield  approximately  90  per  cent  fatty  acids  and  10  per 
cent  glycerol.  The  fatty  acids  largely  determine  the  uses  to  which  these  fats 
may  be  put.  In  recent  years  about  80  to  85  per  cent  of  the  inedible  animal 
fat  has  been  consumed  in  the  manufacture  of  soap,  with  glycerol  as  a  by¬ 
product.  Most  of  the  rest  has  gone  into  the  production  of  fatty  acids  and 
glycerol  (10  per  cent),  and  lubricants  and  lubricating  greases  (5  per  cent). 
The  small  remainder  has  been  used  in  many  miscellaneous  applications. 

In  spite  of  the  multiplicity  of  uses  for  inedible  animal  fats,  it  has  become 
apparent  that  new  uses  are  urgently  needed  to  keep  the  industry  healthy.  or 
reasons  given  above  this  is  true  even  during  periods  of  high  industrial  ac¬ 
tivity  Again  as  in  edible  fats  there  is  certain  merit  in  estimating  future 
trends  only  after  consideration  of  past  trends.  This  may  be  done  by  review¬ 
ing  the  information  in  Table  4. 

These  data  show  that  although  domestic  disappearance  of  fats  in  soap 
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Table  4  -  Domestic  Disappearance  of  Fats 


(Billions  of  lbs.) 


Av. 

1937-41 

1946 

1947 

1948 

1949 

1950 

1951 

Soap 

1.88 

1.86 

2.35 

2.14 

1.83 

1.87 

1.60 

Drying  Oils 

.85 

.92 

.98 

1.05 

.86 

1.05 

1.05 

Other  Industrial 
Products 

.52 

.87 

.88 

.82 

.96 

1.17 

1.19 

1.  Fats  and  Oils  Situation  156,  25  (1952) 


is  decreasing  and  use  in  drying  oils  shows  only  a  nominal  increase,  the  use 
in  "other  industrial  products”  during  the  past  decade  shows  a  tremendous 
growth  of  about  140  per  cent.  Items  included  in  the  category  "other  indus¬ 
trial  products"  are  principally  fatty  acids  and  their  derived  chemical  prod¬ 
ucts,  fat  equivalent  of  soap  used  in  manufacture,  principally  for  synthetic 
rubber  and  textiles,  fats  used  in  metallurgical  processing  and  lubricant  uses 
and  the  like.  It  is  well  to  examine  the  category  of  uses  further  to  see  what 
contributions  have  been  made  by  research  to  this  growing  industrial  use. 

We  find  that  such  an  improvement  has  resulted  already  from  co-opera¬ 
tive  research  carried  out  under  the  superivision  of  The  Rubber  Reserve 
Company.  This  research  has  led  to  the  development  of  a  special  soap  es¬ 
sentially  free  of  polyunsaturated  fatty  acid  components  and,  therefore,  su¬ 
perior  for  use  as  an  emulsifier  in  synthetic  rubber  manufacture.  There 
seems  to  be  little  doubt  that  this  development  has  served  to  retain  a  sub¬ 
stantial  proportion  of  this  market  currently  estimated  to  be  about  30  million 
pounds  per  year  for  tallow,  while  at  the  same  time  it  has  resulted  in  improved 
products  and  important  economies  for  the  rubber  industry. 

The  development  of  the  first  commercially  feasible  procedure  for  the 
preparation  of  an  improved  grade  of  oleic  acid  is  an  example  of  the  develop¬ 
ment  of  new  products  to  fill  requirements  not  met  by  previously  available 
fat  derivatives.  This  product,  first  described  by  research  workers  of  the 
Eastern  Regional  Research  Laboratory  in  1945  is  derived  from  inedible  tal¬ 
low  or  grease  as  the  starting  material.  Since  1949,  improved  oleic  acid  pro- 
uction  has  been  a  commercial  operation  and  the  product  is  now  available 
from  several  producers.  Demand  for  this  product  is  reported  to  be  increas¬ 
ing  steadily;  in  fact,  its  availability  is  already  facilitating  the  production  of 
other  products,  notably  azelaic  acid  having  large  potential  usage  which,  how¬ 
ever,  could  not  be  made  economically  from  ordinary  red  oil. 

Thus  we  see  by  these  examples  that  research  does  offer  considerable 

.P„Tcfrt^ehV„e"S.tltfl1"l the  present  unhaPPV  status  of  animal  fats. 

Pfli  h  e.s*ated  that  bad  as  is>  the  present  situation  would  undoubt - 

it  must  *  W6rV0t  f°r  r6Search  already  done.  On  the  other  hand 

it  must  be  borne  in  mind  that  just  as  a  considerable  span  of  years  was  re- 

Tallats0  th7an°sPwPr°dUh!S  reKPOnSible  f°r  the  present  competition  for  ani- 
inp  !  Vafrge  number  of  additional  possibilities  exist  for  increas- 

mportant  problems  being  investigated  at  present  include: 

i.  Reparation  of  shortenings  from  edible  animal  fats,  particularly 
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2.  Production  of  improved  lard  oil,  both  edible  and  inedible. 

3.  Use  of  domestic  animal  fats  in  hot  dip  tinning. 

This  work  was  carried  out  co-operatively  under  contract  with  the 
Armour  Research  Foundation,  Chicago,  Illinois.  A  final  report  of  these  re¬ 
sults  is  now  being  prepared.  Research  and  development  is  also  being  done 
at  present  looking  to  the  use  of  domestic  fats  as  a  lubricant  for  use  in  the 
production  of  cold  rolled  steel  sheet. 

4.  Stable  feed  mixes  for  dogs  and  broilers  containing  larger  propor¬ 
tions  of  animal  fats  than  have  previously  been  generally  used. 

This  work  is  being  carried  out  under  contract  with  the  American  Meat 
Institute  Foundation  Laboratories  at  the  University  of  Chicago.  A  Bulletin 
has  been  released  describing  the  results  of  this  work  to  date  and  further 
reports  will  be  issued  as  the  results  may  justify. 

5.  Development  of  competitive  synthetic  detergents  from  domestic 
fats. 

6.  Preparation  of  vinyl  derivatives  of  fats  which  may  permit  exten¬ 
sive  increase  of  their  use  in  plastics. 

Basically  this  represents  a  research  effort  to  develop  methods  for  using 
fat  derivatives  to  prepare  internally  modified  polymers.  The  portion  of  these 
studies  concerned  with  pilot  plant  preparation  of  vinyl  esters  and  ethers  of 
fatty  acids  and  alcohols,  respectively,  has  been  carried  out  under  contract 
with  General  Aniline  and  Film  Corporation  at  Easton,  Pennsylvania. 

7.  Development  of  improved  plasticizers  from  fats  with  particular 
reference  to  products  compatible  with  the  plastics  in  extensive 
commercial  use. 

As  a  result  of  this  work  new  stabilizing  plasticizers  having  special  value 
for  use  with  chlorine  containing  plastics  are  now  in  commercial  production. 
These  stabilizing  plasticizers  are  epoxidized  oils  and  epoxidized  fatty  esters. 
They  are  prepared  by  a  relatively  simple  chemical  process  which  involves 
controlled  oxidation  of  the  fat  with  a  per-acid  prepared  by  interaction  of 
hydrogen  peroxide  and  acetic  acid  or  formic  acid.  The  potential  market  for 
these  plasticizers  is  large  since  150  million  to  200  million  lbs.  of  stabilizers 
and  plasticizers  are  currently  being  used  with  vinyls. 

8.  Preparation  of  hydroxy  acids  by  direct  addition  of  formic  acid  at 

the  double  bond. 

This  reaction,  recently  discovered  at  the  Eastern  Regional  Research 
Laboratory,  offers  a  simple  direct  method  for  preparing  potentially  valu¬ 
able  hydroxy  acids  from  domestic  fats.  The  potential  significance  of  this 
reaction  may  be  realized  by  consideration  of  the  fact  that  castor  oil  is  char¬ 
acterized  by  the  fact  that  it  consists  largely  of  the  glycerides  of  an  hydroxy 
acid. 

Besides  the  work  being  done  in  the  Regional  laboratories  on  utilization 
of  animal  fats  a  very  substantial  amount  of  research  and  development  work 
is  being  done,  of  course,  in  private  and  industrial  laboratories.  Probably 
one  of  the  most  significant  recent  developments  is  the  announcement  by  a 
fatty  acid  producer  of  their  plans  to  convert  oleic  acid  to  azelaic  acid.  The 
process,  reported  to  involve  ozonization  of  oleic  acid,  promises  to  make  the 
dibasic  acid  available  at  a  price  which  permits  its  consideration  for  use  in 
a  wide  variety  of  applications.  It  is  generally  known  that  considerable  indus¬ 
trial  research  effort  is  being  directed  toward  development  of  competitive 
processes  for  converting  oleic  acid  to  dibasic  acids.  The  extent  to  whic 
currently  produced  dibasic  acids  are  in  demand  indicates  that  developments 
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along  these  lines  may  lead  to  important  consumption  of  oleic  acid  for  con- 

VerSConsiderable  attention  continues  to  be  given  by  industrial  research 
workers  to  the  development  of  synthetic  detergents  derived  from  anim 
fats.  It  seems  probable  that  tallow  alcohols  are  being  used  as  a  partial  re¬ 
placement  for  lauryl  type  alcohols  in  a  widely  sold  household  detergent.  The 
production  of  tallow  alcohols  is  currently  being  explored  on  a  commercial 
scale  by  several  concerns.  Because  of  the  current  low  prices  of  tallow  it 
is  desirable  to  reinvestigate  a  number  of  processes  for  preparing  detergents 
from  tallow  derivatives  and  it  may  be  assumed  this  is  being  done. 

In  the  food  fat  field  considerable  progress  is  being  made  commercially 
in  improving  the  physical  properties  of  lard.  One  of  the  most  recent  methods 
for  doing  this  is  the  so-called  "rearrangement"  of  lard.  This  is  generally 
accomplished  by  treatment  with  a  metal  alcoholate  such  as  sodium  meth- 


oxide. 

The  availability  of  antioxidants  which  are  generally  suitable  together 
with  better  methods  for  improving  their  physical  properties  brings  closer 
the  day  when  animal  fats  are  completely  interchangeable  with  vegetable  oils 
in  shortening.  In  view  of  this,  price  differentials  between  lard  and  crude 
vegetable  oils  do  not  seem  justifiable  to  the  chemist. 

In  addition  to  work  aimed  at  contributing  to  increased  utilization  of  fats 
in  all  of  the  above  diverse  fields  it  is  desirable  that  a  substantial  amount  of 
fundamental  research  be  carried  out  simultaneously.  It  is  only  in  this  man¬ 
ner  that  we  can  hope  to  continue  to  open  new  avenues  for  investigation  along 
the  more  practical  lines  of  utilization  research. 

In  our  own  laboratories  at  present  these  fundamental  studies  are  follow¬ 
ing  the  principal  lines  enumerated  below: 


1.  Oxidation  of  fats  and  the  chemical  nature  of  the  products  formed. 

2.  Glyceride  structure  of  fats. 

3.  Composition  studies  and  development  of  new  analytical  tools. 

In  addition  the  U.S.  Department  of  Agriculture  is  supporting  certain 
fundatmental  studies  by  contract.  Dr.  Arthur  Rose  at  Pennsylvania  State 
is  engaged  in  studying  the  distillation  characteristics  and  vapor  pressures 
of  fatty  acids  and  their  derivatives.  An  additional  contract  calling  for  study 
of  solubilities  of  fatty  acids  and  their  derivatives  has  been  awarded  to  the 
Hormel  Foundation  of  the  University  of  Minnesota. 

It  is  our  belief  that  this  strong  fundamental  research  program,  supported 
and  followed  by  utilization  research  cannot  fail  to  make  substantial  contribu¬ 
tions  toward  development  of  new  outlets  and  uses  for  the  animal  fats  which 
we  have  available. 
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V 


NEW  DEVELOPMENTS  IN  CANNING 


C.  A.  Greenleaf 
National  Canners  Association 
Washington,  D.C. 

Only  a  few  months  ago  the  canning  industry  was  paying  honor  to  the  in¬ 
ventor  of  canning,  Nicolas  Appert,  who  had  been  born  200  years  before,  on 
October  23,  1752.  It  was  in  1809  that  he  received  from  Napoleon  Bonaparte 
a  twelve  thousand  franc  prize  in  recognition  of  his  achievement.  How  pleas¬ 
ant  it  would  have  been  in  1809  to  prepare  a  paper  on  new  developments  in 
canning!  The  whole  thing  was  new,  and  very  few  people  had  heard  of  it.  In 
the  same  way  one  can  think  of  other  milestones  in  the  development  of  our 
industry:  the  introduction  of  the  pressure  retort  by  Shriver  in  1874,  or  the 
sanitary  can  about  1900.  All  these  things  met  the  requirements  of  good  copy; 
they  were  new,  they  were  important,  and  best  of  all,  the  channels  of  com¬ 
munication  did  not  yet  bring  them  instantly  to  everyone's  attention. 

We  find  ourselves  in  a  different  situation  today;  not  that  there  is  less 
to  report,  because  there  is  always  something  new,  and  indeed  an  ever  in¬ 
creasing  amount  of  new  development.  The  difficulty  is  rather  that  all  this 
takes  place  in  the  open  and  is  promptly  and  fully  reported  in  the  periodicals 
that  serve  all  of  us.  In  a  review  of  this  kind,  therefore,  one  can  hardly  hope 
to  unveil  anything  for  the  first  time,  but  perhaps  it  will  be  possible  to  fit 
some  of  the  seemingly  isolated  developments  together  into  a  pattern  that  will 
disclose  certain  relationships  between  them. 


What  is  Canning? 

Before  going  far  it  might  be  well,  as  the  engineers  say,  to  sight  back 
on  our  bench  mark.  What  is  canning?  The  By-Laws  of  the  National  Canners 
Association  say  that  for  purposes  of  membership  in  the  Association,  canning 
is  the  manufacture  or  preparation  of  foods  packed  primarily  for  human  con¬ 
sumption  in  hermetically  sealed  containers  and  sterilized  by  the  use  of  heat. 
For  our  present  purpose  the  operative  words  in  this  definition  are  hermeti¬ 
cally  sealed  containers"  and  "sterilized  by  the  use  of  heat."  These  convey 
the  virtues  of  the  canning  process,  as  well  as  some  of  its  defects. 

As  long  as  any  of  us  remember  there  has  been  discontent  over  the  fact 
that  the  amount  of  heat  required  to  sterilize  a  can  of  food  often  results  in 
overcooking  of  the  contents.  Inventive  people  have  been  hammering  at  this 
problem  for  a  long  time.  Here  and  there  dents  have  been  made;  for  example 
globe  artichokes  may  be  canned  successfully  if  they  are  acidified,  though  not 
otherwise.  This  principle  is  of  limited  application,  and  does  not  point  the 

way  to  a  general  solution  of  the  problem.  . 

If  heat,  as  applied  in  traditional  methods  of  canning,  is  frequently  injuri¬ 
ous  to  the  canned  product,  it  would  seem  that  we  might  look  for  relief  in  one 
of  two  directions.  One  is  toward  the  use  of  heat  in  such  a  fashion  that  i  s 
sterilizing  power  is  fully  utilized  while  its  cooking  effect  is  satisfactorily 
controlled.  The  other  is  toward  heatless  sterilization.  These  two  categon 
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do  in  fact  embrace  a  great  deal  of  what  has  been  going  on  in  canning  research 
in  recent  years,  what  we  might  speak  of  as  new  developments  in  canning,  even 
if  some  of  them  are  not  as  new  as  yesterday’s  racing  results. 


More  Effective  Use  of  Heat 

We  recognize  that  the  principle  obstacle  to  the  optimum  application  of 
heat  is  the  problem  of  getting  the  right  amount  of  heat  to  the  right  place  for 
the  right  length  of  time.  In  conventional  retorting  this  is  the  factor  of  heat 
penetration,  and  efforts  to  improve  heat  sterilization  have  had  as  their  main 
target  the  overcoming  of  this  factor  of  heat  penetration. 

These  efforts  have  been  in  three  principal  directions.  First  we  might 
put  the  most  radical  of  these  ideas,  that  of  heating  simultaneously  the  whole 
mass  of  food  in  a  container,  instead  of  conveying  heat  through  it  from  the 
outside.  Second,  we  could  list  the  idea  of  agitating  the  food  in  the  container 
so  that  various  parts  of  it  are  brought  successively  in  contact  with  the  heated 
walls  of  the  container,  and  third  the  idea  of  heating  the  food  in  thin  films  be¬ 
fore  it  enters  the  container,  which  may  itself  have  been  presterilized  or  is 
sterilized  by  the  heat  of  the  contents. 


Simultaneous  Uniform  Heating 


The  first  of  these  three,  simultaneous,  uniform  heating,  suggests  some 
type  of  electrical  treatment,  and  that  has  in  fact  been  the  method  of  experi¬ 
mental  attack.  In  1930  G.  S.  Bohart  applied  for  patents  (2)  on  a  process  and 
apparatus  for  canning  foods  by  the  use  of  high-frequency  electric  current. 
This  involved  use  of  a  container  with  a  non-conducting  body  and  conducting 
metallic  ends.  Without  analyzing  the  practical  difficulties  that  arose,  suffice 
it  to  say  that  this  process  never  came  into  commercial  use.  In  the  1940's 
interest  in  the  possible  application  of  radio  frequency  dielectric  heating 
arose,  because  of  the  successful  use  of  this  method  in  other  industrial  proc¬ 
esses.  Benjamin  and  Ecklund,  of  the  American  Can  Co.,  made  an  extensive 
investigation  of  this  method,  but  were  unable  to  find  much  immediate  promise 
of  its  successful  use  in  food  canning.  In  their  report  (1)  they  pointed  out 
that  if  the  method  could  be  used  its  most  logical  application  would  be  in  the 
processing  of  meat  products.  Later  (in  1950)  M.  P.  Vore  (10)  of  the  West- 
inghouse  Electric  and  Manufacturing  Company  reviewed  the  situation  on  di¬ 
electric  heating.  He  again  pointed  to  meat  products  as  those  most  logically 
to  be  considered,  but  held  out  no  hopes  of  an  early  application  of  dielectric 
heating.  So,  to  the  idea  of  simultaneous  uniform  heating  we  have  for  the 
present  said  au  revoir,  but  perhaps  not  good-bye. 


Agitation  in  the  Container 

Agitation  of  cans  during  processing,  to  hasten  heat  transfer,  is  not  in 
itself  a  new  development,  but  there  have  lately  been  renewed  efforts  to  ex- 
f  “ell?f  aPPllcat!on.  Continuous  agitating  retorts  have  been  in  use 
ior  years.  When  they  were  used  for  convection -heating  products,  those  of 

thp1^  or  contaming  freely  moving  liquid,  it  was  recognized  that 

hey  ha^ened  transfer  of  heat  throughout  the  contents;  with  conduction- 
heating  products  their  use  had  to  be  justified  on  other  grounds.  The  new 
e  opment  in  this  field  is  the  use  of  continuous  agitating  cookers  to  Dro 
duce  forced  convection  in  a  product  previously  regarded  as  conduct  on 

deaden*  Y  "T "-Style  COrn-  By  lhis  meins  cream-style  corn  is'ren- 

teristic  of  stilT-retort'eYcorrta^ the '^ast  VeThe°methodd '  ^  d  ’T"  Charac~ 
cess  on  three  DrinciDal  fartorc-  ♦  ‘  rhe  method  depends  for  its  sue- 

ius,  prior  to  processing:  second, 
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type  of  starch  that  does  not  thicken  as  quickly  as  types  previously  used. 
Product  improvement  seems  to  be  quite  definite,  and  the  method  is  already 
becoming  well  established  commercially. 

Instead  of  rotating  cans  about  their  longitudinal  axis,  as  in  the  cookers 
just  discussed,  it  is  possible  to  rotate  them  about  a  transverse  axis  external 
to  the  containers,  and  this  is  exactly  what  is  done  in  the  so-called  end-over¬ 
end  method.  This  was  pioneered  in  the  laboratory  of  the  Continental  Can 
Company,  but  is  being  exploited  commercially  by  an  equipment  manufacturer. 
As  in  the  rolling  method,  control  of  headspace  is  important,  because  the  head- 
space  bubble  is  depended  upon  to  give  a  stirring  action  as  it  travels  about 
the  interior  of  the  can.  End -over-end  agitation  is  capable  of  giving  rapid  heatt 
transfer,  and  corresponding  control  of  cooking  effect.  The  equipment  thus 
far  used,  though,  does  not  provide  for  automatic  loading  and  unloading  of  the 
retort  and  presumably  these  features  will  be  required  for  large-scale  use. 


Presterilization 

Thus  far  we  have  considered  two  approaches  to  rapid  sterilization  by 
heat.  One  of  these,  simultaneous,  uniform  electrical  heating,  is  the  more 
radical  but  has  thus  far  eluded  practical  realization.  The  second,  agitation 
during  processing,  is  less  dramatic  but  at  least  has  been  attained  in  practice. 
The  third  approach  mentioned  at  the  outset  is  that  of  rapid  sterilization  of 

the  product  before  it  is  put  into  the  can.  .  . 

Again,  this  is  not  in  itself  a  new  development.  Citrus  juices  have  been 
presterilized  for  years,  and  more  recently  the  same  thing  has  been  done  with > 
tomato  juice,  using  quite  high  temperatures  and  short  times.  But,  as  in  the 
case  of  agitating  processes,  there  are  some  new  twists  in  presterilization. 

One  of  these  is  the  Martin  Aseptic  Canning  system,  in  which  a  fluid  prod 
uct  is  continuously  sterilized,  aseptically  cooled,  filled  mto  presterilize 
tainers  and  closed  with  sterile  lids,  the  filling  and  closing  bem g :  Perform®^ 
in  an  atmosphere  of  hot  gas  or  superheated  steam.  This 
details,  which  are  readily  available  in  the  literature .(5,6)  1 Thus  fa r  the  com 
mercial  use  of  this  system  has  been  confined  to  pureed 
such  as  pea  soup  and  fluid  milk,  but  it  has  been  used  on  a  P'^  ^ale  for 
cream  style  corn.UDThe  aseptic  filling  and  closing  of  a  presterilized  prod 

Z  are  interesting  features  of  this  method,  but  tor, th*  ^  nroduct^ before 
cussion  a  more  significant  feature  is  the  rapid  coohngoftheprodurt  before 

filling,  thus  minimizing  the  cooking  effect.  In  this  meth°^-“f 3‘"0o  f  for  8 
processes  as  well,  the  use  of  high  temperatures  ranging  up  to  3  •  ^ 

correspondingly  short  times,  plays  a  large  part  in  conserving  P 
acteristics ,  because  the  cooking  effects  do  not  increase  with  temperature 
anywhere  near  as  rapidly  as  does  the  sterilizing  effec  . 

Heatless  Sterilization 

Earlier  in  this  paper  it  was  said  that  if  ^  YJo^frec^ionsTn  which  we 
the  effects  of  heat  processing  of  food,  there  f  heat  as  a  steri- 

might  look  for  a  remedy.  One  is  the  more  selec  other  ig  t0  find  som« 

lizing  agent,  and  examples  of  that  have  been  | give  twQ  methods  by 

way  of  sterilizing  without  heat,  and  we  migh 
which  it  has  been  proposed  to  do  this. 

Antibiotics  , 

The  first  of  these  is  not,  strictly  spe aking ,  a^  heat 1  h^ies s  than  in 

it  does  contemplate  the  use  of  s0"le  ea  ’  method  announced  by  the 
conventional  thermal  processing . Th  s  of  Agriculture  late  in 

Western  Regional  Laboratory  of  the  U.S.  Depart 
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1949  which  proposed  the  use  of  the  antibiotic  subtilin  in  conjunction  with 
mud  heat  forP the  preservation  of  low-acid  products.  Th.s  was  foUowed  by 
an  intensive  investigation  in  our  own  laboratories  as  well  as  in  others,  an 
when  the  smoke  began  to  lift  it  was  apparent  that  this  ™thod  was 'ith°Uteh 
Of  destroying  or  permanently  inhibiting  the  spoilage  organisms  with  which 
we  must  be  concerned.  At  any  rate  it  could  not  be  done  with  subtilin,  or  any 
other  antibiotic  that  we  have  since  investigated.  Dr-  E-.J-  Cameron  gave 
full  account  of  this  before  the  American  Meat  Institute  in  1951,(4)  and  in 
another  paper  considered  the  broader  aspects  of  this  procedure  should  it 

ever  become  technically  successful P) 

Among  the  considerations  that  Dr.  Cameron  mentioned  were  the  public 
health  and  regulatory  aspects  of  the  addition  of  antibiotics  to  food.  On  these 
there  is  now  a  clear  indication  of  the  position  of  the  Federal  Food  and  Drug 
Administration, (9)  which  appeared  as  a  statement  of  policy  in  the  Federal 
Register  of  February  25,  1953.  It  read. 

"Pursuant  to  section  3  of  the  Administrative  Procedure  Act  (60 
Stat.  237,  238;  5  U.S.C.  1002),  the  following  statement  of  policy  is 
issued : 


"3.29  Direct  or  indirect  addition  of  antibiotic  drugs  to  foods  for 
human  consumption,  (a)  The  Food  and  Drug  Administration  has  re¬ 
ceived  inquiries  concerning  the  use  of  antibiotic  drugs  as  food  preserva¬ 
tives.  Careful  consideration  has  been  given  to  this  question  and  the  con¬ 
clusion  has  been  reached  that  such  use  constitutes  a  public -health  haz¬ 
ard.  Consumption  of  food  so  treated  may  cause  sensitization  of  the  con¬ 
sumer  to  such  antibiotics  and  may  result  in  the  emergence  of  strains  of 
pathogenic  micro-organisms  resistant  to  these  drugs. 

"(b)  The  presence  of  antibiotic  drugs  in  foods  intended  for  human 
consumption,  or  the  direct  or  indirect  addition  of  such  drugs  to  such 
foods,  may  be  deemed  an  adulteration  within  the  meaning  of  section 
402  of  the  Federal  Food,  Drug,  and  Cosmetic  Act  (sec.  402,  52  Stat. 

1046;  21  U.S.C.  342)." 


Thus,  whatever  the  scientific  future  of  this  method,  it  seems  practically  to 
face  a  rocky  path. 


Sterilization  by  Ionizing  Radiations 

The  second  method  of  heatless  sterilization  that  has  been  proposed  and 
investigated  is  the  use  of  ionizing  radiations  or  particles,  such  as  X-rays, 
cathode  rays,  and  gamma  rays  from  radioactive  matter.  Studies  on  such 
methods  have  been  under  way  at  M.I.T.  for  ten  years  or  so,  initially  upon 
X-rays  and  cathode  rays  and  more  recently  upon  gamma  rays.  Interest  in 
gamma  rays  received  a  market  impetus  from  announcements  of  the  Atomic 
Energy  Commission  that  large  quantities  of  crude  radioactive  material  known 
as  "gross  fission  products"  may  be  available  at  some  future  time.  In  the 
meantime,  research  has  proceeded  making  use  of  "mock  sources,"  consist¬ 
ing  of  pure  metals  made  radioactive  in  atomic  reactors.  There  is  not  time 
here  for  any  thorough  account  of  this  research;  a  mere  reading  of  the  bibli¬ 
ography  would  consume  more  time  than  is  allotted.  The  National  Canners 
Association  has  participated  in  this  work  on  its  own  initiative,  confining  its 
studies  however,  to  the  problem  of  destruction  of  spoilage  organisms  and 
leaving  to  others,  for  the  time  being  at  least,  collateral  problems 

ta  °U,T  0Wn  c*osen  phase  of  this  problem  is,  after  all,  complex  enough  for  our 
taste  Among  the  organisms  with  which  we  have  worked  there  seems  to  be  little 
correlation  or  perhaps  a  negative  correlation  between  heat  resistance  and 
resistance  to  destruction  by  radiation.  In  reporting  on  these  studies  attoe 
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1953  Canners  Convention, (7)  Morgan  and  Bohrer  of  our  laboratory  pointed  out 
that  they  were  not  taking  these  resistance  relationships  at  face  value.  It  is 
possible,  they  indicated,  that  the  degree  of  anaerobiasis  in  which  a  spore  is 
produced,  or  irradiated,  may  govern  its  irradiation  resistance.  Morgan  and 
Bohrer  concluded  their  report  with  a  cautious  appraisal  of  the  prospects  of 
sterilization  by  irradiation.  They  said: 

"In  conclusion,  it  is  clearly  possible  to  free  a  food  of  all  microbial  life 
by  irradiation,  with  no  more  than  a  slight  increase  in  temperature.  Thus 
the  method  meets  one  requirement  of  an  alternative  to  heat  sterilization. 
There  are,  however,  other  requirements  and  difficulties  to  be  overcome  be¬ 
fore  the  method  can  earn  consideration  for  industrial  use. 

"First,  there  must  be  assurance  that  very  large  quantities  of  source 
material  will  be  economically  available,  enough  to  apply  radiation  at  many 
times  the  rates  that  have  been  used  experimentally.  Second,  the  problems 
of  secondary  effects,  as  on  color,  flavor,  odor,  and  nutritive  value,  or  lack 
of  effect,  as  on  enzymes,  need  solution  by  one  means  or  another.  And,  of 
course,  to  be  usable  the  method  must  impart  no  toxic  or  harmful  properties 
to  the  food.  These  problems  are  under  attack  by  various  groups,  but  up  to 
now  they  represent  drawbacks  as  serious  as  any  of  those  associated  with 
heat  sterilization.  Until  their  solution  is  much  further  advanced  we  are  in 
no  position  to  regard  irradiation  as  a  rival  to  our  present  methods  of  food 
preservation." 


Conclusion 

In  an  address  at  the  latest  National  Canners  Association  Convention, 

Dr.  R.  C.  Newton(8)  gave  a  thoughtful  analysis  of  the  role  that  scientific  re¬ 
search  plays,  and  must  play,  in  our  industry.  He  told  how  it  works,  what 
makes  it  tick,  showed  what  profound  changes  it  has  already  brought  about 
and  warned  us  to  be  ready  for  the  changes  that  must  come  in  the  future 
through  scientific  research.  He  was  not  presenting  an  abstract  or  high- 
flown  conception  of  research,  for  he  said,  "Anyone  who  is  engaged  in  trying 
to  find  a  better  way  is  doing  applied  research  regardless  of  what  job  he  may 
hold." 

In  this  once-over-lightly  we  have  taken  a  sweeping  glance  at  some  ef¬ 
forts  to  do  a  better  job  of  canning  food.  Their  common  feature  has  been  the 
aim  of  sterilizing  food,  which  heat  does  so  well,  without  overcooking  it,  of 
which  heat  is  sometimes  guilty.  It  may  seem  that  we  have  recorded  more 
misses  than  hits,  but  that  isn't  really  important.  What  is  important  and  re¬ 
assuring  is  that  in  all  this  we  see  inquiring  minds  at  work,  and  the  ability 
to  take  a  fresh,  unhackneyed  view  of  old  problems.  As  long  as  that  continues 
there  will  be  new  developments  in  canning. 
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VI 


SIGNIFICANCE  OF  SALMONELLA 
IN  THE  MEAT  INDUSTRY 

G.  M.  Dack 

Food  Research  Institute 
The  University  of  Chicago 
Chicago,  Illinois 

In  the  United  States  food -borne  infections  caused  by  Salmonella  prob¬ 
ably  do  not  account  for  more  than  25  per  cent  of  all  the  food  poisoning  out¬ 
breaks  which  are  reported.  No  information  is  available  as  to  the  incidence 
of  salmonellosis  in  the  home.  Meat  is  responsible  for  only  a  portion  of 
these  Salmonella  outbreaks.  Historically  the  first  outbreak  was  described 
in  Europe  and  was  linked  with  the  use  of  meat  from  a  slaughtered  sick  ani¬ 
mal  .(4) 

More  positive  cultures  have  been  reported  from  samples  tested  since 
laboratory  procedures  have  been  developed  which  will  detect  small  numbers 
of  Salmonellae  in  the  presence  of  other  contaminating  microorganisms.  Thus 
there  is  a  tendency  to  give  increased  emphasis  to  these  organisms  as  a  pub¬ 
lic  health  hazard. 

Salmonella  inhabit  the  intestinal  tract  of  a  wide  variety  of  animals,  both 
domestic  and  wild,  and  cold  blooded  and  warm  blooded  vertebrates.  Man  may 
be  a  carrier  of  Salmonella  as  well  as  his  house  pets:  dogs,  cats,  birds,  etc. 

It  is  obvious  that  man  cannot  escape  contact  with  Salmonella  in  the  natural 
course  of  existence. 

Salmonella  are  commonly  associated  with  poultry  and  eggs.  Hinshaw 
and  McNeil(6)  have  reported  58  types  in  avian  species  and  Edwards,  Bruner 
and  Moran(2)  consider  birds  the  largest  reservoir  of  potential  Salmonella  in¬ 
fections.  Schneider  and  Gunderson(12)  found  one  of  the  following,  S.  anatum, 
S.  meleagridis,  S.  montevideo  or  S.  pullorum  on  the  skin  of  4.4  per  cent  of 
1014  eviscerated  chickens.  Samples  of  meat  chosen  at  random  in  retail 
markets  have  been  examined  for  Salmonella  by  Cherry,  Scherago  and  Wea¬ 
ver. (1)  Pork  products,  bacon,  brains,  chops,  ham,  kidney,  liver,  sausage, 
tenderloin  and  shoulder  were  studied  and  8  types  of  Salmonella  were  re¬ 
ported  from  brains,  chops,  liver  and  sausage.  Beef  products,  hamburger 
(with  pork),  kidney,  liver,  sirloin,  spleen,  veal  and  bologna  were  examine 
and  two  types  of  Salmonella  were  found  in  the  hamburger  and  sirloin.  No 
Salmonellae  were  recovered  from  mutton  chops  or  fries.  Rubin,  Scherago 
and  Weaver(ll)  examined  mesenteric  lymph  glands  of  apparently  norm£“ 
hogs  and  found  the  incidence  of  Salmonella  in  individual  animals  to  be  10 
per  cent  and  when  40  lots  of  25  hogs  each  were  pooled,  the  incidence  was 
47  5  per  cent. 

Kraneveld,  et  al.(8)  studied  the  aerobic  bacterial  flora  of  the  mesenteric 
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lymph  nodes  of  150  healthy  pigs  from  six  farms  in  the  surrounding  of  Bogor 
(West  Java).  In  25  animals  Salmonella  were  isolated  from  one  or  more  of 

thG  SObWously,  viable  Salmonella  are  present  in  many  of  the  raw  products 
which  make  up  man’s  diet.  Foods  of  non-animal  origin  may  be  contaminated 
bv  handling.  Access  of  rats,  mice  or  flies  to  such  foods  may  furthermore 
serve  as  a  source  of  contamination.  Thus  there  is  a  continual  egression  of 
Salmonella  from  the  farms  which  eventually  find  their  way  into  the  home. 


Importance  of  Salmonellosis  in  Man  in  the  United  States 

The  incidence  of  illness  attributable  to  salmonellosis  is  unknown.  Only 
the  more  severe  cases  are  reported  and  laboratory  diagnoses  usually  are 
not  made  of  the  milder  gastrointestinal  illnesses  occurring  in  the  home. 

Large  outbreaks  of  salmonellosis  with  gastrointestinal  symptoms  do  occur 
but  are  fewer  than  staphylococcus  food  poisoning.  Feig,(3)who  studied  out¬ 
breaks  of  food  poisoning,  reported  to  the  United  States  Public  Health  Service 
from  1945  to  1947,  listed  368  outbreaks  due  to  staphylococci  involving  14,988 
cases,  whereas  there  were  only  72  outbreaks  involving  3,430  cases  reported 
for  Salmonella.  For  the  years  1947  through  1950  where  causes  were  assigned 
to  outbreaks  of  gastrointestinal  illness  a  comparison  is  given  in  Table  1  of 
the  number  of  outbreaks  from  Salmonella  as  compared  to  those  from  staphy¬ 
lococcus  food  poisoning.  For  these  years  many  outbreaks  were  reported  for 
which  no  causative  agent  was  given.  In  all  probability  these  reported  out¬ 
breaks  represent  only  a  small  percentage  of  the  total  outbreaks  occurring 
since  most  of  them  are  not  reported.  Cured  or  pickled  meat  products  are 
seldom  involved  in  outbreaks  caused  by  Salmonella,  whereas  in  staphylo¬ 
coccus  food  poisoning  cured  meat  products  are  frequently  implicated. 


Table  1  -  Outbreaks  of  Salmonella  and  Staphylococcus  Food  Poisoning 
in  the  United  States  as  Reported  by  State  and  Territorial 
Authorities  to  the  United  States  Public  Health  Service 


SALMONELLA  STAPHYLOCOCCUS 


Year 

Number  of  Outbreaks 

Total 

Cases 

Number  of 

Outbreaks 

Total 

Cases 

Poultry 

Meat 

Fish 

Other 

Total 

1947 

3 

3 

2 

7 

15 

603 

116 

3776 

1948 

5 

2 

5 

10 

22 

788 

104 

3144 

1949 

7 

0 

2 

4 

13 

948 

124 

2993 

1950 

6 

3 

3 

3 

15 

1156 

118 

3581 

Totals  21 

8 

12 

24 

65 

3495 

462 

13494 

Factors  Controlling  Salmonellosis  in  Man 

i7hf  *.a£tors  resP°nsible  for  reducing  the  incidence  of  salmonellosis  in 

offnnH6!  Stfues  are  many-  Am0ng  these  are  sanitati°n,  Storage  and  cooking 
of  food^  Another  important  factor  which  is  influenced  by  the  others  mentioned 
is  the  dosage  of  Salmonella  required  to  cause  illness. 

SOld  in  interstate  commerce  must  be  federally  inspected.  In  the 
antemortem  inspections  ill  animals  are  not  used  as  food  for  man  Where 

witl?  > salmonellosis  have  been  slaughtered,  large  numbers  of 
Salm^ella  have  been  found  in  their  meat,  and  large  outbreaks  ofm„ess  have 
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occurred  inman.(lO)  In  the  post  mortem  inspection  animals  with  gross 
lesions  are  culled  out  and  not  used  for  human  consumption.  Obviously  these 
inspections  are  of  great  value,  however,  in  keeping  sick  animals  whose  blood 
streams  and  tissues  may  contain  large  numbers  of  Salmonella  from  reach¬ 
ing  the  consumer.  As  already  pointed  out  many  animals  may  be  carriers  of 
Salmonella  and  the  organisms  may  be  in  the  intestinal  tract  and  in  mesenteric 
lymph  nodes.  It  is  obvious,  furthermore,  that  a  small  amount  of  fecal  con¬ 
tamination  does  occur  even  under  the  best  techniques  evolved  for  dressing 
carcasses.  However,  with  good  sanitation  and  adequate  refrigeration  the 
small  number  of  Salmonella  which  are  present  in  the  raw  meat  products  have 
not  been  associated  with  illnesses  in  man.  Cooking  procedures  followed  in 
preparing  raw  meat  products  are  usually  adequate  to  kill  Salmonella. 

The  number  of  Salmonella  required  to  cause  illness  in  man  undoubtedly 
explains  why  there  are  not  more  cases  of  salmonellosis.  The  infectiousness 
of  Salmonella  for  laboratory  workers  handling  these  microorganisms  ranks 
14th  in  the  list  of  bacterial  agents  infecting  laboratory  personnel, (14)  compared 
to  typhoid  fever  which  was  4th  on  the  list.  Although  it  is  impossible  to  com¬ 
pare  the  exposures  of  the  laboratory  worker  to  that  of  the  meat  handler,  the 
dosage  of  Salmonella  which  the  laboratory  worker  receives  is  appreciable 
and  the  infectiousness  of  Salmonella  at  the  dosages  received  is  not  high. 
McCullough  and  Eisele(9)  studied  the  pathogenicity  of  13  strains  representing 
6  types  of  Salmonella.  Twelve  of  the  strains  were  obtained  from  Solowey, 
et  aL,(13)  from  spray-dried  whole  egg  powder.  The  other  strain,  obtained 
from  Dr.  Gernez-Rieux,  was  S.  pullorum  which  was  isolated  from  a  patient 
with  salmonellosis.(5)  Three  strains  of  S.  meleagridis,  3  strains  of  S.  anatum, 
one  each  of  S.  newport,  S.  derby  and  S.  bareilly  and  4  strains  of  S.  pullorum 
were  used.  All  strains  caused  illnesses  in  volunteers  when  a  sufficient  num¬ 
ber  of  organisms  were  fed.  Several  volunteers  became  carriers  with  dosages 
that  failed  to  cause  illnesses.  From  433  individual  feedings  73  illnesses  oc¬ 
curred.  The  dosage  varied  within  the  type.  In  the  case  of  S.  anatum  one 
strain  caused  illnesses  when  587,000  organisms  were  fed;  whereas  with 
another  strain  of  the  same  type  44,500,000  organisms  were  required  to  cause 
illness.  In  the  case  of  S.  pullorum  a  billion  or  more  organisms  were  required 
to  cause  illness.  The  authors  called  attention  to  the  fact  that  the  volunteers 
fed  these  cultures  periodically  received  booster  injections  of  typhoid  vaccine 
which  contained  the  same  immunizing  substance  (somatic  antigen)  as  Sh 
pullorum.  Before  the  role  of  typhoid  vaccine  in  immunity  against  infection 
with  S.  pullorum  can  be  evaluated  it  is  necessary  to  feed  control  groups  of 
human  volunteers  S.  pullorum  who  have  not  been  protected  with  typhoid  vac¬ 
cine. 

Control  of  Salmonellosis 

Since  Salmonella  are  potentially  in  raw  meat,  poultry  and  eggs  and  at 
the  present  time  cooking  is  the  only  sure  method  of  destroying  Salmonella, 
we  must  use  judgment  in  the  handling  of  these  foods.  Hinshaw  and  McNeil, (  ) 
in  considering  Salmonella  infection  as  a  food  industry  problem,  suggest  the 
eradication  of  infection  at  the  source  —  e.g.,  at  the  animal  or  human  reser¬ 
voir.  They  feel  that  the  task  is  not  in  surmountable.  With  the  numerous 
healthy  carriers  both  in  man  and  animals  (domestic  and  wild)  it  would  ap¬ 
pear  to  be  a  task  of  doubtful  realization  and  one  which  would  be  difficult  to 
justify  on  the  basis  of  the  number  of  outbreaks  of  infection  caused  by  these 
organisms. 

Unfortunately,  the  processor  of  animal  food  products  has  to  cope  witn 
undesirable  pathogenic  viruses,  bacteria  and  parasites  which  are  passed  on 
to  him  from  their  farm  source  and  often  he  is  held  accountable  under  the  law 
when  illnesses  are  traced  to  his  processed  products. 
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Obviously  meat,  poultry  and  eggs  entering  the  meat  market  carry  with 
them  Salmonella.  In  handling  these  and  other  products  in  retail  shopsja^™- 
nella  must  be  Widely  distributed.  There  is  no  evidence,  however  to  indicate 
thiTworkers  in  the  meat  packing  industry  or  butchers  retailing  the  Products 
are  exDosed  to  a  Salmonella  hazard.  Furthermore  there  is  no  definite  infor¬ 
mation  that  salmonellosis  as  it  occurs  in  members  of  a  family  may  be  traced 
to  animal  products.  In  outbreaks  of  salmonellosis  which  are  reported  cured 
meats  are  rarely  conveyers  of  Salmonella.  This  would  suggest  that  cure 
meats  may  not  be  a  good  medium  for  Salmonella  multiplication  when  contami¬ 
nation  occurs  after  curing.  The  time  and  temperature  of  the  smokehouse 
operation  is  lethal  to  Salmonella.  The  salts  used  in  the  pickle  may  keep  the 
Salmonella  from  growing. 

The  importance  of  refrigeration  in  handling  meat  products  is  paramount 
since  Salmonella  do  not  multiply  at  refrigeration  temperatures.  The  retail 
market  may  disseminate  Salmonella  as,  for  example,  the  butcher  dressing  a 
chicken  on  the  same  block  that  is  later  used  for  cutting  meat  and  his  failure 
to  sterilize  his  knives  or  wash  his  hands  between  such  operations.  Obvious¬ 
ly  there  is  need  of  improved  sanitation  in  order  to  prevent  the  dissemination 
of  Salmonella  to  perishable  products  which  are  consumed  uncooked.  By  ade- 
quate  refrigeration  of  meat  products  the  number  of  Salmonella  coming  with 
the  product  from  the  farm  will  not  be  increased.  It  is  important  that  the 
meat  industry  not  add  Salmonella  to  their  products  by  protecting  them  from 
contamination  with  rats,  mice  or  flies. 

In  raw  animal  products  which  may  harbor  Salmonella,  it  is  fortunate 
that  the  processor  recommends  time  and  temperature  conditions  in  cooking 
sufficient  to  destroy  Salmonella.  Since  Salmonella  are  usually  destroyed  by 
the  time  and  temperature  employed  for  pasteurizing  milk,  their  destruction 
in  many  meat  products  can  be  readily  accomplished  by  cooking. 

An  example  of  undercooking  is  well  illustrated  in  a  recent  outbreak  re¬ 
ported  to  the  Public  Health  Service  by  Dr.  F.  S.  Leeder,  Michigan  Department 
of  Health. (15)  Of  250  people  who  partook  of  a  turkey  dinner  161  were  sufficient¬ 
ly  ill  to  consult  doctors.  Two  of  the  161  died.  Turkey  dressing  was  thought 
to  be  responsible  for  the  illnesses  because  Salmonella  typhimurim  was  found 
on  the  stuffed  turkeys  and  not  in  a  specimen  of  turkey  meat.  Dressing  may 
be  an  excellent  insulation  material  and  unless  sufficient  time  and  tempera¬ 
ture  of  cooking  is  allowed,  Salmonella  in  the  center  of  the  stuffing  may  not 
be  destroyed. 

From  the  viewpoint  of  the  public  health  official,  it  is  desirable  that 
there  should  be  no  viable  Salmonella  in  the  product  as  eaten.  The  meat  in¬ 
dustry  should  do  everything  in  its  power  to  prevent  the  addition  of  Salmonella 
into  a  product  by  handling  as  well  as  to  prevent  the  multiplication  of  small 
numbers  of  Salmonella  unavoidably  present.  Foods  containing  Salmonella 
should  be  adequately  cooked.  Although  there  is  abundant  scientific  evidence 
that  a  product  containing  Salmonella  may  be  safely  eaten  after  adequate  cook- 
ing,  there  is  occasionally  medico-legal  testimony  to  the  contrary. 
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VII 


THE  STATISTICAL  SIGNIFICANCE 
OF  SAMPLING  PROCEDURES 

H.  O.  Halvorson 
Department  of  Bacteriology 
University  of  Illinois 
Urbana,  Illinois 


In  general  the  reliability  of  analytical  results  is  dependent  upon  the 
sampling  procedures  that  are  used.  This  is  particularly  true  in  dealing  with 
biological  materials  such  as  are  encountered  in  the  packing  industry.  In 
most  instances  the  analyst  is  primarily  concerned  with  the  problems  involved 
in  getting  a  proper  composit  sample  that  is  representative  of  the  whole,  in 
sampling,  for  instance,  a  car  load  of  coal  or  tankage.  Here  it  is  obvious  that 
an  improper  composit  results  in  faulty  conclusions.  There  is  another  source 
of  errors,  however,  namely  chance  variation,  which  is  often  equally  impor¬ 
tant,  even  though  it  is  frequently  overlooked  by  the  analyst.  Errors  of  this 
type  are  usually  referred  to  as  random  sampling  errors,  and  it  is  with  these 
that  I  shall  concern  myself  in  this  discussion. 

I  shall  deliberately  approach  this  problem  from  the  standpoint  of  those 
who  have  not  had  the  opportunity  to  study  or  learn  the  usual  techniques  of 
statistics.  A  statistician  is  cognizant  of  these  errors  as  well  as  the  methods 
which  are  employed  to  cope  with  them,  so  that  he  does  not  need  the  discus¬ 
sion  given  here.  It  is  rather  my  purpose  to  acquaint  the  person  who  is  not 
trained  in  statistics  with  these  errors  and  some  of  the  basic  concepts  that 
are  used  to  deal  with  them.  We  shall,  therefore,  propose  some  hypothetical 
sampling  problems  in  order  to  show  how  the  result  obtained  and  the  conclu¬ 
sions  drawn  are  affected  by  random  sampling  errors. 

Let  us  suppose  we  are  taking  some  cans  from  a  large  lot  of  canned  food 
in  order  to  determine  the  potential  percentage  of  spoilage  in  the  lot.  We  must 
then  ask  ourselves  the  questions: 


1.  How  many  cans  should  be  included  in  the  sample? 

2.  How  does  the  reliability  of  the  result  depend  upon  the  size  of  the 
sample? 


Before  we  attempt  to  answer  these  questions,  let  us  imagine  that  we  have 
a  number  of  separate  rooms  in  which  are  stored  cans  of  these  goods.  We 
shall  suppose  that  each  room  contains  a  lot  in  which  there  is  a  fixed  percent¬ 
age  of  non-sterile  cans.  Thus  room  A  contains  cans  that  are  all  sterile-  room 
•  CTtaunon^  l0t  °f  CanS  °f  which  10%  are  non-sterile;  room  C  contains  a  lot 
arencm*  sterile' 6  n0n_Sterile;  and  so  forth  UP  to  room  K  in  which  all  the  cans 

We  shall  then  send  a  helper  to  obtain  a  can  from  any  one  of  the  above 
rooms  without  telling  us  from  which  room  he  obtained  the  sample.  We  ex¬ 
mine  the  sample  and  suppose  we  find  that  it  is  non-sterile.  Can  we  tell 
from  which  room  it  was  obtained?  It  is  obvious  that  this  can  could  have  come 
y  r0om  except  A-  U  we  tound  the  can  to  be  sterile,  we  could  conclude 
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UiLd,eth“efo«d  ^“eTy  us°e7ury  r°°m  eXCeP'  K'  The  inf0™ati°"  <*- 

___  Let  us\therefore>  send  our  helper  to  get  10  cans  from  any  one  of  the 

I  Pt^’nagam  W1  1  telhnS  us  fror«  which  room  he  obtained  the  sample. 

s  now  see  if  we  can  determine  from  which  room  they  were  taken  Sud 
pose  our  analysis  showed  that  5  cans  out  of  the  10  were  sterile  and  the  others 

non^st'er il p  ra  W%c°.nc^de  th^  they  came  from  room  F  which  contains  50% 
non-stenie  cans  .  In  this  problem  we  are,  of  course,  assuming  that  the  non- 

sterile  cans  in  each  room  are  distributed  amongst  the  sterile  cans  in  a  ran- 
dom  fashion.  Under  these  conditions  it  can  be  stated  that  we  would  be  more 
i  -ely  to  get  a  sample,  such  as  we  did  get,  from  the  room  that  contains  50% 
non-sterile  cans  than  from  any  other  room.  It  must  be  obvious,  however 
that  one  could  also  obtain  a  different  kind  of  sample  from  room  F  and  that 
we  could  also  obtain  a  sample  similar  to  the  one  we  did  get  from  other  rooms. 
What  conclusions  can  we  draw,  then,  from  our  result?  It  certainly  should  be 
more  meaningful  than  the  one  based  upon  a  single  can. 

There  is  a  term  in  statistics  called  the  standard  deviation,  designated 
ky  Greek  letter  sigma  ( <r),  which  is  used  to  measure  the  degree  of  variation 
one  can  expect  to  get  in  a  series  of  samples,  due  to  chance  in  random  sam¬ 
pling.  In  our  problem  we  can  relate  a  to  other  well  defined  terms  as 

follows:  - _ 

^  =  \J  n  •  a  •  b 


where  n  is  the  number  of  individuals  or  cases,  in  our  problem  the  number 
of  cans  in  a  single  sample;  "a"  is  the  probability  that  a  single  can  selected 
will  be  a  sterile  one;  and  "b"  is  the  probability  that  a  single  can  selected 
will  be  non-sterile.  If  we  select  a  large  number  of  such  samples  of  size  "n," 
cr  will  measure  the  amount  that  the  results  obtained  in  the  individual  sam¬ 
ples  will  vary  from  each  other  or  from  an  average. 

It  can  be  shown  that  if  we  take  a  variation  equal  to  twice  the  value  of  the 
standard  deviation,  about  95%  of  our  results  will  vary  from  the  average  by 
an  amount  equal  to  or  less  than  this.  Thus,  if  we  had  taken  our  cans  from 
the  room  that  contained  50%  non-sterile  cans,  o-  would  be  equal  to  the  square 
root  of  2.5  or  about  1.5.  Twice  this  will  be  3.  Thus  we  can  say  that  95%  of 
the  time  we  remove  such  a  sample  from  this  room  the  non-sterile  cans  in 
our  sample  will  vary  from  2  to  8;  obtained  by  adding  and  subtracting  3  to  the 
average  value  of  5. 

The  above  tells  us  how  many  different  kinds  of  answers  we  can  expect 
to  get  from  samples  taken  from  a  single  room,  but  a  more  important  ques¬ 
tion  is;  from  how  many  rooms  can  we  expect  to  obtain  a  given  answer.  A 
rigorous  solution  to  this  can  be  obtained  by  somewhat  more  involved  reason¬ 
ing  than  that  which  has  been  used  above,  but  in  most  instances  we  will  not  be 
far  wrong  if  we  obtain  our  answer  by  the  use  of  the  simple  formula  we  used 
above.  In  this  case  we  shall  assume  that  "a"  represents  the  fraction  of  cans 
in  the  sample  which  proved  to  be  sterile  and  "b"  the  fraction  of  cans  in  the 
sample  which  proved  to  be  non-sterile.  Again  "n"  will  represent  the  num¬ 
ber  of  cans  in  the  sample.  We  will  then  proceed  to  calculate  the  upper  and 
lower  limits  of  rooms  which  could  have  been  likely  to  furnish  our  sample. 

We  will  do  this  from  the  standard  deviation  obtained  from  the  formula: 


a  =  \J  n  •  a  •  b 


In  our  case  "n”  is  10,  "a”  and  "b"  are  each  0.5.  Therefore,  using  the 
above  formula,  <r  will  be  about  1.5.  Again  we  shall  use  a  deviation  equal  to 
twice  the  standard  deviation  to  determine  limits  from  which  to  draw  conclu¬ 
sions.  Thus  the  sample  could  have  come  from  any  room  in  which  the  fraction 

5+3  5-3 

of  non-sterile  cans  could  vary  from  — to  — jq—  or  from  80%  to  20%. 
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Thus  we  will  conclude  that  our  helper  could  have  removed  the  sample  he 
gave  us  from  any  room  from  C  to  I  inclusive,  but  that  he  did  not  get  the 

sam^ufsr°{ncan°b^SSeen  that  while  we  have  more  exact  information  than  we 
did  with  the  single  can  sample,  the  information  is  still  not  very  precise  and 
perhaps  not  to  our  liking.  To  obtain  better  information  we  will  have  to  draw 

larger  samples.  , 

Even  though  the  reasoning  used  in  deriving  the  above  results  is  not  rig¬ 
orous,  it  can  be  shown  by  more  exact  processes  that  the  conclusions  reached 
are  not  much  in  error.  The  magnitude  of  this  error  will  decrease  as  the  size 
of  the  sample  is  increased.  The  conclusions  we  reached  are  based  upon  a 
standard  obtained  by  using  a  deviation  twice  the  value  of  the  standard  devia¬ 
tion.  Using  this  standard  we  would  in  general  draw  the  wrong  conclusion  only 
about  once  out  of  20  times.  Many  statisticians  do  not  think  that  this  standard 
is  good  enough,  and  therefore,  use  a  standard  based  upon  a  value  equal  to 
three  times  the  standard  deviation.  If  we  accept  such  a  standard  we  will  be 
making  the  wrong  conclusion  in  general  only  once  in  100  times. 

In  order  to  illustrate  simply  how  the  size  of  the  sample  will  affect  our 
conclusions  the  following  table  has  been  prepared  which  shows  the  limits  in 
lots  from  which  the  samples  would  likely  have  been  removed.  In  each  case 
we  shall  assume  that  50%  of  the  cans  in  the  sample  are  found  to  be  non- 
sterile. 


Table  1  -  Effect  of  Size  of  Sample  on  Spread  in  Composition  of  Lots 


No.  of  Cans  in  Sample 

Limits  of  Lots 

From  %  To  % 

10 

18 

82 

20 

28 

72 

30 

32 

68 

40 

34 

68 

50 

36 

64 

60 

37 

63 

70 

38 

62 

80 

39 

61 

90 

39 

60 

100 

40 

60 

If  we  assume  that  in  each  of  the  samples  90%  of  the  cans  were  sterile 
and  10%  were  non-sterile,  then  the  following  table  gives  the  limits  in  the 
lots  from  which  the  samples  could  have  been  removed. 


Table  2  -  Effect  of  Size  of  Samples  on  Spread  in  Composition  of  Lots 


No.  of  Cans  in  Sample 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


Limits  of  Lots 
_ From  %  To  % 

less  than  1  30 

"  "  1  23 

"  "  1  21 

”  "  1  19 

1  18 

2  17 

3  17 

3  16 

4  16 

4  16 
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In  the  above  examples  we  have  assumed  that  our  samples  contained  a 
certain  percentage  of  non-sterile  cans.  Let  us  suppose  now  that  all  of  the 
cans  in  the  samples  prove  to  be  sterile.  The  techniques  we  used  above  will 
no  longer  work  because  one  of  the  terms  in  our  formula  will  be  zero  so  that 
the  whole  term  becomes  zero,  yet  just  a  little  reflection  will  tell  us  that  there 
must  still  be  some  variation  involved.  Certainly  it  is  possible  to  obtain  sam¬ 
ples  in  which  all  the  cans  are  sterile  out  of  rooms  other  than  the  one  contain¬ 
ing  all  sterile  cans.  We  must,  therefore,  use  a  new  approach  to  determine 
the  limit  of  rooms  that  can  furnish  our  samples. 

We  shall  proceed  from  the  binomial  distribution  given  by  the  expression 
[  ( 1  “  x)  +x]n  in  which  x  represents  the  fraction  of  cans  in  the  rooms  from 
which  the  samples  are  taken  that  are  non-sterile  and  "n"  represents  the 
number  of  cans  in  the  sample.  By  expanding  this  binomial  we  can  obtain  the 
probability  of  getting  samples  with  varying  percentages  of  non-sterile  cans. 
The  first  term  in  the  expansion  which  is  given  by  the  expression  (1  -  x)n  ex¬ 
presses  the  probability  that  all  of  the  cans  in  the  sample  will  be  sterile.  In 
this  expression  since  x  is  a  fraction  it  can  have  values  from  0  to  1.  It  can¬ 
not  have  values  above  1.  By  making  use  of  Bayes'  principle  we  can  calculate 
the  limiting  value  of  x  that  will  likely  permit  the  collection  of  a  sample  in 
which  all  the  cans  are  sterile.  For  this  purpose  we  shall  use  a  standard 
which  is  comparable  to  the  limits  that  are  obtained  when  one  uses  a  stand¬ 
ard  determined  by  a  deviation  equal  to  three  times  the  standard  deviation. 

Our  limits  can  be  calculated  by  the  following  formula: 


(1  -  x)n  dx 


/j  (1  -  x)n  dx 


=  .995 


After  intregration  and  substitution  of  limits  and  simplification  we  get  the 
following:  (1  1  _  ,005 


Table  3  gives  the  limiting  values  of  x  for  different  values  of  n.  The  follow¬ 
ing  figure  shows  a  graph  generated  by  the  equation.  From  this  table  or  graph 
it  is  possible  to  see  the  maximum  value  for  the  percentage  of  non-sterile 
cans  in  a  lot,  that  will  allow  one  to  select  from  that  lot  only  sterile  cans.  It 
can  be  seen  from  this  that  if  the  percentage  of  non-sterile  cans  is  small  and 
you  wish  to  prove  that  it  is  not  zero,  large  samples  must  be  examined. 


Table  3  -  The  Maximum  %  of  Non-sterile  Cans  in  a  Lot  that  will  be  Likely 
to  Yield  a  Sample  of  all  Sterile  Cans  


No.  of  Cans  in  Sample 

X  in  % 

10 

38.2 

20 

22.3 

30 

15.7 

40 

12.1 

50 

9.9 

60 

8.3 

70 

7.2 

80 

6.3 

90 

5.7 

100 

5.1 

200 

2.6 

400 

1.3 

800 

.66 

1000 

.30 

2000 

.26 

40 


Figure  1.  Dependence  of  reliability  on  size  of  sample 


In  a  canning  plant  the  person  who  is  in  charge  of  control  may  follow  one 
of  two  courses.  He  may  assume  that  the  quality  of  the  raw  material  and  the 
process  is  the  same  from  day  to  day  so  that  he  may  take  a  small  sample  each 
day  and  let  the  numbers  accumulate  until  he  has  a  large  number  of  samples. 
From  this  large  number  he  can  then  calculate  with  reasonable  accuracy  the 
percentage  of  non-sterile  cans  permitted  by  his  process.  If  the  percentage 
turns  out  to  be  too  large,  he  can  then  increase  the  process  so  as  to  reduce 
the  figure. 

If  he  must  assume  that  the  results  are  not  the  same  each  day  and  he 
wishes  to  determine  the  efficiency  of  the  process  each  day  by  the  examina¬ 
tion  of  samples,  he  will  have  to  take  a  large  number  of  samples  each  day  in 
order  that  his  conclusions  may  be  valid. 

Up  to  this  point  we  have  been  considering  a  sampling  problem  involving 
the  selection  of  one  of  two  things;  a  sterile  or  a  non-sterile  can.  The  indi¬ 
vidual  cans  cannot  be  partly  sterile  or  partly  non-sterile;  they  are  one  or 
the  other.  Let  us  now  consider  a  problem  which  is  a  little  more  complex; 
one  in  which  the  variable  that  is  to  be  measured  can  have  a  number  of  differ¬ 
ent  values,  as  for  example  the  percentage  of  salt  in  meat,  the  amount  of  free 
juice  in  canned  luncheon  meat,  or  the  number  of  bacteria  in  curing  pickle. 

The  statistics  involved  here  are  more  subtile  than  they  were  in  the  previous 
problem  and  require  different  treatment. 

Let  us  select  a  specific  problem  and  find  an  appropriate  solution.  For 
this  purpose  let  us  consider  the  problem  of  free  juices  in  canned  luncheon 
meat.  Those  who  have  had  experience  with  this  product  know  that  in  any  lot 
of  meat  handled  in  a  single  day  with  a  given  processing  time  and  temperature 
there  will  be  a  variation  in  the  amount  of  juice  found  in  individual  cans.  In 
an  average  good  run  the  amount  may  vary  from  2  to  8%  of  the  weight  of  the 
meat  in  the  can.  In  another  day’s  run  with  a  different  lot  of  meat  the  per¬ 
centage  might  vary  from  4  to  14%.  We  need  then  a  sampling  procedure  that 
will  differentiate  between  these  two  runs  or  others  that  might  be  encountered. 

For  this  purpose  let  us  again  assume  that  we  have  cans  of  meat  stored 
in  different  rooms.  In  this  case  for  purposes  of  illustration  we  need  imagine 
only  two  rooms;  one  that  contains  cans  which  have  juices  varying  from  below 
1  to  10%  with  an  average  value  of  5%,  and  the  other  room  contains  cans  with 
juices  varying  from  4  to  14%  with  an  average  of  10%. 
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affQ.  Supp°se  we  now  send  a  helper  to  get  a  can  from  one  of  the  rooms  and 

contpntnf ' 70?  teU  T  fr°m  Which  r°°m  the  can  is  taken-  If  we  find  a  juice 
content  of  7%,  can  we  decide  from  which  room  the  can  was  taken?  The  an- 

Ch°TSe  \S  n°  "inhe  Can  C°Uld  have  come  from  either  room.  Next  we 
analv?!  t0  gf  10  cans  from  one  room.  Can  we  determine  from  the 

analjrsis  the  room  from  which  the  cans  were  taken?  Before  we  can  answer 

cansTfh10^’  WG  t0  lnqUire  int°  thG  distribution  of  values  in  the  various 
cans  in  the  two  rooms. 

If  we  were  to  examine  every  can  in  one  of  the  rooms,  we  would  be  able 
,°  arrange  tbe  data  obtained  from  our  observations  in  such  a  fashion,  that  the 
ferences  between  the  juice  found  in  each  can  and  the  average  for  all  the 
cans  would  appear  in  one  column,  and  the  number  of  cans  that  had  these  dif¬ 
ferences  in  the  other  column.  By  examining  these  data,  we  observe  that  only 
a  few  cans  have  the  maximum  difference  of  about  5,  more  cans  have  a  differ¬ 
ence  of  about  4,  and  so  forth  until  we  come  to  the  cans  which  have  an  amount 
of  juice  near  the  average  value,  where  the  difference  will  be  small  or  none. 

In  this  group  we  will  find  the  largest  number  of  cans.  As  we  examine  these 
data  we  can  also  conceive  of  an  average  value  for  these  differences.  In  fact 
the  standard  deviation  we  mentioned  earlier  may  be  regarded  as  such  an 
average.  It  can  be  shown  that  in  a  distribution  such  as  we  are  dealing  with, 
if  we  select  a  deviation  equal  to  twice  the  standard  deviation  both  above  and 
below  the  mean,  we  shall  establish  limits  that  will  include  about  95%  of  our 
recorded  data.  If  we  select  a  deviation  equal  to  three  times  the  standard  de¬ 
viation  we  will  bracket  about  99%  of  the  data.  Assume  that  our  standard 
deviation  were  1.6  and  that  we  take  a  value  three  times  this  or  4.8,  we  can 
then  say  that  only  1%  of  our  cans  will  have  a  juice  content  falling  outside  the 
limits  set  by  5 ±4.8.  This  would  be  a  value  below  0.2  and  above  9.8%.  We 
could  make  similar  observations  on  the  second  room  and  find  corresponding 
values. 

It  is  not  practical,  however,  to  examine  every  can  in  the  room,  so  we 
must  estimate  the  value  of  the  average  juice  content  and  the  value  of  the 
standard  deviation  from  the  examination  of  a  single  sample  taken  from  that 
room.  The  techniques  used  to  find  these  values  will  not  be  discussed  here 
since  they  can  be  found  in  any  elementary  book  on  statistics. 

If  we  examine  the  data  obtained  from  the  two  rooms  we  can  record 
another  observation,  namely  the  differences  between  the  means  found  in  the 
individual  samples  taken  from  the  two  rooms.  For  example,  suppose  we 
remove  10  cans  from  one  of  the  rooms  and  find  an  average  juice  content  in 
these  10  cans  of  6.2%.  We  then  remove  10  cans  from  the  other  room  and 
suppose  we  find  here  an  average  juice  content  of  8.4%.  We  then  have  a  dif¬ 
ference  between  the  averages  of  2.2%.  Now  if  we  were  to  repeat  this  sam¬ 
pling  process  a  large  number  of  times,  taking  10  cans  each  time,  we  would 
obtain  a  series  of  differences  between  the  means  of  the  various  samples.  We 
could  again  find  an  average  difference  and  also  a  standard  deviation  of  the 
differences.  Here  again  it  would  not  be  practical  or  sometimes  even  possible 
to  take  enough  samples  to  find  these  values  by  a  straight  forward  process. 
Again  we  are  forced  to  estimate  these  values  from  the  observations  made  on 
a  single  sample  from  each  room  or  from  a  small  number  of  samples  taken 
from  each  room. 

The  standard  deviation  of  the  differences  between  the  means  epsilon 
(  «  )  can  be  calculated  from  the  formula: 

2  = 


€  *  = 


a2 


a  2 


n  1  n  2 

Where  <r  j  is  the  standard  deviation  of  the  variation  in  juice  content  in  room 
one  and  ni  is  the  number  of  cans  removed  from  room  one,  and  cr  2  and  n£ 
are  the  corresponding  values  for  room  two. 
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It  can  be  shown  that  if  the  differences  we  observe  between  the  means 
from  the“wo  rooms  is  greater  than  three  times  the  value  of  e  as  determined 
by  the  formula  above,  then  we  can  say  that  the  differences  are  s^gn^  ic  , 
i  e  thev  are  not  due  to  chance  variations  in  sampling.  If  we  take  samp  es 
of  cans  from  runs  made  on  two  separate  days  and  use  the  method  of  analysis 
outlined  above,  we  will  be  able  to  tell  whether  or  not  there  i is  a 
difference  between  the  samples  on  the  two  separate  days.  If  the  differences 
are  small  we  shall  have  to  take  large  samples  in  order  to  certify  that  dilter- 

The  problem  may  also  be  solved  by  a  somewhat  different  method.  If  we 
draw  a  series  of  samples  of  the  same  size  from  each  of  the  rooms  we  will 
be  able  to  calculate  an  average  value  for  the  juice  content  in  each  sample  and 
thus  get  a  series  of  averages  corresponding  to  the  series  of  samples.  In  each 
room  these  averages  can  be  arranged  in  an  orderly  fashion  and  from  them 
we  can  find  an  overall  average  and  a  standard  deviation  of  the  individual  av¬ 
erages.  This  standard  deviation  will  be  a  measure  of  how  the  individual 
averages  vary  about  the  overall  average.  Here  again  it  is  not  practical  or 
sometimes  possible  to  measure  this  standard  deviation  directly  from  sam¬ 
pling  data.  It  can  be  shown,  however,  that  this  standard  deviation  of  the  av¬ 
erages,  usually  called  the  standard  deviation  of  the  means,  can  be  calculated 
from  the  standard  deviation  of  the  juice  content  as  determined  from  a  single 
sample.  The  two  are  related  in  the  following  fashion: 


^  m  /n  -  1 

where  a-  m  is  the  standard  deviation  of  the  means  and  o-  the  standard  devia¬ 
tion  of  the  juices,  and  n  the  number  of  cans  in  the  sample. 

If  we  select  a  deviation  equal  to  three  times  the  standard  deviation  of 
the  means  as  determined  above,  we  will  have  a  value  that  when  it  is  added 
to  and  subtracted  from  the  mean  of  the  sample  will  produce  a  range  of  values 
in  which  the  true  mean  of  the  lot  will  fall.  For  convenience  we  may  speak  of 
this  range  as  the  "confidence  interval."  If  these  intervals  for  the  two  differ¬ 
ent  samples  taken  from  two  different  lots  do  not  overlap,  we  can  safely  say 
that  the  two  lots  must  be  different. 

In  order  to  summarize  the  above  discussion  let  us  examine  two  hypo¬ 
thetical  samples  obtained  from  two  lots  of  canned  luncheon  meat.  In  each 
sample  there  are  10  cans  with  juice  contents  as  listed  in  Table  4. 

An  analysis  of  these  data  according  to  the  discussion  above  show  that 
there  is  a  significant  difference  between  the  two  results  and  therefore  it  can 
be  concluded  that  the  two  lots  from  which  the  samples  were  taken  have  a  dif¬ 
ferent  average  juice  content.  The  confidence  intervals  overlap  slightly  but 
in  both  samples  the  mean  of  that  sample  falls  outside  the  confidence  interval 
of  the  other  sample.  Also  the  difference  between  the  means  is  greater  than 
three  times  the  standard  deviation  of  the  differences  of  the  means. 

In  the  above  discussion  we  have  dealt  with  some  typical  sampling  prob¬ 
lems  that  are  encountered  in  the  packing  industry  and  it  has  been  pointed  out 
how  errors  of  random  sampling  influence  the  number  of  samples  to  be  taken 
and  the  reliability  of  the  results  obtained  from  them.  To  avoid  bias  as  much 
as  possible  it  is  important  that  the  samples  be  collected  in  a  random  man¬ 
ner.  In  a  continuing  canning  operation  the  samples  should  be  selected  through¬ 
out  the  day  at  random  irregular  times  during  the  day.  If  a  lot  of  finished  goods 
are  sampled,  cans  should  be  selected  at  random  out  of  several  cases  which  in 
turn  have  been  selected  at  random.  If  a  large  enough  sample  is  taken,  no 
further  advice  is  needed. 


43 


-able  4  •  The  Amount  of  Free  Juice  in  Cans  of  Luncheon  Meat 


Sample  1. 

Can  No.  %  Juice 

Sample 

Can  No. 

2. 

%  Juice 

1 

2.4 

1 

4.6 

2 

8.2 

2 

6.0 

3 

3.4 

3 

9.5  e  =  0.90 

4 

5.7 

4 

12.2  3e  =  2.7 

5 

7.8 

5 

11.9  9. 1-5. 6  =  3.5 

6 

6.4 

6 

9.8 

7 

8.3 

7 

9.2 

8 

6.8 

8 

8.9 

9 

2.5 

9 

7.8 

10 

5.4 

10 

10.5 

11 

4.6 

11 

9.7 

Average  = 

5.6 

— 

9.1 

cr  = 

2.0 

= 

2.17 

a  m  = 

0.63 

2S 

0.69 

3^m  = 

1.89 

= 

2.07 

Con.  Int.  = 

3.7 - 7.5 

= 

7.0 - 11.2 
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VIII 

NEW  DEVELOPMENTS  IN  PACKING  HOUSE 
WASTE  TREATMENT 


George  J.  Schroepfer 
University  of  Minnesota 
Minneapolis,  Minnesota 

I.  Introduction 

The  increasing  emphasis  which  is  being  placed  on  pollution  abatement 
at  the  federal,  state,  and  local  levels  has  resulted  in  an  even  greater  interest 
on  the  part  of  industry  to  search  for  new  and  more  economical  methods  of 
solving  the  water  pollution  problems  confronting  it.  A  variety  of  methods  of 
treatment  of  the  wastes  from  the  packing  house  industry  have  been  employed, 
depending  on  the  requirements  of  the  receiving  waters  and  of  control  agencies. 
Where  high  degrees  of  treatment  have  been  required,  treatment  has  generally 
been  of  the  aerobic  biological  type,  principally  by  the  trickling  filter  process. 
This  paper  describes  recent  developments  in  a  new  method  of  treating  such 
wastes  involving  anaerobic  decomposition  instead  of  the  conventional  aerobic 
processes. 

For  the  past  three  years  pilot  plant  investigation  on  the  anaerobic  treat¬ 
ment  of  packing  plant  wastes  has  been  under  way  at  the  Geo.  A.  Hormel  &  Co. 
plant  at  Austin,  Minnesota,  under  the  direction  of  W.  J.  Fullen,  Chemist. 

These  studies,  begun  on  barrel  scale,  were  enlarged  in  1950  to  the  present 
pilot  plant  treating  an  average  of  approximately  10,000  gallons  per  day. 

The  anaerobic  process  as  a  method  of  industrial  waste  treatment  has 
been  employed  for  some  time,  particularly  on  relatively  strong  wastes;  i.e., 
those  containing  10,000  ppm  or  more  of  volatile  solids.  The  application  of 
the  process  to  packing  plant  wastes  containing  1,000  to  2,000  ppm  was  de¬ 
veloped  by  Mr.  Fullen.  Since  the  original  pilot  plant  was  tested  at  Austin, 
a  number  of  investigators  have  displayed  an  interest  in  the  process,  with  the 
result  that  pilot  plants  treating  packing  plant  wastes  are  now  in  operation  at 
Auckland,  New  Zealand,  and  at  the  Wilson  &  Co.  plant  in  Albert  Lea,  Minnesota. 

In  March,  1952,  the  Committee  on  Meat  Packing  Plant  Waste  Disposal  of 
the  American  Meat  Institute,  under  the  Chairmanship  of  Mr.  M.  D.  Sanders  1 
requested  the  writer  to  analyze  and  evaluate  the  data  available  on  the  process 

at  Austin.  The  writer  has  had  as  associates  on  this  project  Messrs  A  S 

Johnson  and  N.  R.  Ziemke,  Instructors  in  the  Sanitary  Engineering  Division 
of  the  Civil  Engineering  Department  of  the  University  of  Minnesota 

As  a  result  of  this  analysis  and  evaluation,  a  report  was  presented  to 
Committee  on  July  1,  1952.  This  report  analyzed  th”data  collect^  over  a 

'•  °^r  °'  ^  Committee  are  G.  A.  Alkies,  Armour  and  Com- 

pany,  presently  chairman;  Dr.  W.  S.  Sturges,  The  Cudahy  Packing  Com 

E’tVi!"llenAGe0'  A'  H0rmel  &  Co-;  V-  R-  RuPP,  Kinin&Co 

A  j  Co-;  Dr  C.  E.  Gross,  John  Morrell 

*  °”  ,,  J-  ste«en,  Wilson  &  Co.;  F.  W.  Sollo,  Swift  &  Company  re¬ 
placing  Mr.  Sanders;  and  H.  D.  Tefft,  American  Meat  Institute  ’ 
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two  year  period  of  operation  of  the  pilot  plant.  As  a  part  of  the  evaluation 
of  the  process,  a  comparison  was  made  of  the  costs  of  this  process  at  the 
then  practised  loadings  with  those  of  conventional  aerobic  processes.  The 
report  concluded  with  recommendations  for  further  investigations  of  a  num¬ 
ber  of  questions  which  had  arisen  as  a  result  of  the  preliminary  studies. 
After  a  three  months  study,  the  Committee  on  October  2,  1952,  recommended 
a  one-year  program  of  research  investigations  based  on  the  July  1,  1952,  re¬ 
port,  and  this  recommendation  was  approved  by  the  Board  of  Directors  of 
the  Institute  on  October  6,  1952. 

The  present  paper  is  made  up  of  three  general  parts:  (1)  a  discussion 
of  the  preliminary  tests  with  an  evaluation  of  results;  (2)  a  summary  of 
certain  special  investigations  preparatory  to  the  actual  research  tests;  and 
(3)  the  presentation  of  data  on  the  research  test  program  now  under  way. 

II.  The  Preliminary  Tests 
A.  Description  of  the  Pilot  Plant 

1-  Pretreatment  Facilities.  Two  sewers  deliver  raw  wastes  from  the 
Geo.  A.  Hormel  Co.  plant  to  the  pretreatment  units.  Each  sewer  discharges 
into  a  bar  screen  channel  before  the  two  flows  are  combined.  Each  of  the 
two  screens  are  8  feet  long  and  1.6  feet  high.  The  screens  are  constructed 
of  5/8  inch  diameter  steel  bars  set  vertically  to  provide  a  clear  opening  of 
3/4  inch. 

The  wastes,  after  being  screened,  enter  a  clarifier  which  serves  as  a 
grit  and  grease  removal  unit.  The  clarifier  is  25  feet  in  diameter  and  has 
an  8  foot  2  inch  sidewall  depth.  The  theoretical  detention  period,  based  on 
an  average  flow  of  2.3  m.g.d.,  is  nineteen  minutes.  Sludge  is  pumped  from 
the  unit  once  each  day.  Grease  is  skimmed  from  the  surface  by  a  continu¬ 
ously  moving  radial  device  and  flows  to  a  sump.  A  portion  of  the  effluent 
from  the  clarifier  is  used  as  the  waste  treated  by  the  anaerobic  process  in 
the  pilot  plant. 

2.  Pilot  Plant  Units.  In  1949  experimental  work  was  begun  by  the  Geo- 
A.  Hormel  Co.  at  Austin,  Minnesota,  for  the  treatment  of  the  packing  plant 
waste  by  an  anaerobic  process.  First  experimental  work  was  carried  out 
using  55 -gallon  steel  drums  for  the  various  units.  On  July  7,  1950,  a  pilot 
plant,  designed  on  the  basis  of  the  results  of  previous  tests,  was  put  into 
operation.  Existing  square  tanks  were  utilized  to  construct  a  holding  tank 
and  a  settling  or  separator  tank. 

3.  Holding  Tank.  The  holding  tank  is  8  feet  square  in  plan,  with  vertical 
walls  approximately  6  feet  high.  The  bottom  of  the  tank  consists  of  the  frus- 
trum  of  a  pyramid  4  feet  deep  with  a  bottom  one  foot  square.  This  unit  is  not 
covered.  The  wastes  are  drawn  from  the  bottom  of  the  hopper  of  the  holding 
tank  and  pumped  to  the  digester. 

4.  Digester.  The  digestion  tank  is  approximately  16  feet  by  8  feet  in 
plan,  with  vertical  walls  6  feet  high.  The  bottom  of  the  tank  consists  of  two 
hoppers  8  feet  square  at  the  top  and  one  foot  square  at  the  bottom.  Each 
hopper  is  approximately  4  feet  deep.  Digester  contents  are  heated  by  pass¬ 
ing  the  digester  recirculation  flow  through  a  heat  exchanger.  The  heat  ex¬ 
changer  consists  of  a  water  bath  in  a  jacket  around  the  3-inch  digester  re¬ 
circulation  pipe.  The  water  bath  is  heated  by  live  steam.  Temperature  of 
the  digester  contents  is  controlled  by  a  Taylor  temperature  recorder  and 
controller  instrument.  Gas  is  collected  from  a  gas  dome  at  the  top  of  the 
covered  tank  and  is  metered  by  a  Zimco  gas  meter. 
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The  contents  of  the  digester  are  constantly  recirculated  by  a  pump  which 
draws  digester  contents  from  the  bottom  of  each  to  the  two  hoppers.  The  dis¬ 
charge  of  this  pump  is  approximately  20,000  cubic  feet  per  day.  Originally, 
the  discharge  of  the  recirculation  pump  was  fed  to  the  digester  by  a  perforated 
pipe  system  placed  slightly  above  the  hoppers  in  the  digester.  On  April  7, 

1952,  the  recirculation  was  modified.  The  discharge  is  now  directed  against 
6-inch-diameter  plates  above  the  liquid  surface  in  the  digester. 

5.  The  Separations  Process.  Until  June,  1952,  the  separation  process 
usually  consisted  of  three  units,  a  separation  tank,  a  flocculation  tank,  and  an 
Imhoff  tank.  The  separation  tank  was  similar  in  dimensions  to  the  holding 
tank  and  provided  a  total  capacity  of  approximately  470  cubic  feet.  Sludge  was 
drawn  from  the  bottom  of  this  tank  and  returned  to  the  digester.  Periodically 
floated  sludge  was  withdrawn  from  the  top  of  this  tank  and  similarly  returned 
to  the  process.  The  effluent  of  the  tank  was  taken  off  at  a  point  near  the  mid- 
depth  of  the  tank  and  conducted  to  a  flocculation  tank  approximately  2  feet  in 
diameter  and  3  feet  deep,  equipped  with  a  stirring  mechanism.  Next,  the  wastes 
were  conducted  to  an  Imhoff  tank  approximately  2-1/2  feet  wide  by  4-1/2  feet 
long  by  3  feet  deep.  The  upper  compartment  of  this  two-storied  tank  com¬ 
prised  2/3  of  the  volume  and  was  devoted  to  sedimentation.  From  the  lower 
compartment  concentrated  sludge  was  returned  to  the  digester. 

6.  Trickling  Filter.  The  effluent  of  the  Imhoff  tank  was  discharged  to 
a  trickling  filter  approximately  2  feet  in  diameter  and  depth. 

7.  Flow  Diagram.  A  number  of  changes  were  made  in  the  process  in  the 
period  of  preliminary  testing  from  July,  1950,  when  the  pilot  plant  was  placed 
into  operation  to  the  end  of  the  preliminary  tests  in  June,  1952.  The  basic 
flow  diagram  for  later  operations  is  shown  in  Figure  1. 

B.  Accomplishments  of  the  Process  in  the  Preliminary  Tests 

In  analyzing  the  results  in  the  July  1,  1952,  report,  the  data  was  broken 
down  into  separate  periods  depending  on  the  method  of  operation  employed. 

In  a  summary  way,  the  loadings  on  the  process  ranged  between  .04  and  .05 
pounds  of  BOD*  and  total  volatile  solids  per  cubic  foot  per  day.  At  these 
loadings,  removals  of  approximately  95,  80,  and  75%  in  BOD,  suspended  solids 
and  total  volatile  solids  respectively  were  accomplished.  Average  detention 
periods  of  1-1/4  to  2-1/3  days  were  required  to  secure  the  above  removals. 
The  data  on  these  earlier  periods  of  testing  are  shown  in  more  complete  form 
in  a  later  section. 

The  principal  problem  confronting  the  process  in  all  of  these  prelimi¬ 
nary  tests  was  that  of  separating  the  solids  from  the  liquid  after  digestion. 

This  problem  was  so  serious  that  it  was  considered  the  principal  "stum¬ 
bling-block"  to  a  satisfactory  process  in  the  July  1,  1952,  report,  in  which 

it  was  recommended  that  this  be  the  number  one  item  in  a  further  investiga¬ 
tional  program.  & 


C.  Thermal  Balance 

Because  an  essential  feature  of  the  anaerobic  process  is  the  maintenance 

mVntfnMh7  hlgh  temperatures>  11  wil1  be  evident  that  the  thermal  require- 
ents  of  the  process  play  an  important  part  in  the  overall  economics4  Fortu- 

This  term  denotes  biochemical  oxygen  demand  and  is  a  test  measure 
e  oxygen  required  to  stabilize  the  organic  material  in  the  waste 
It  is  a  good  measure  of  the  polluting  effect  of  the  wastes  on  a  sTream 
ororecem„g  water.  The  standard  test  is  run  tor  a  5  day  ^riod  at 
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Figure  1.  Schematic  Flow  Diagram 

Jan.  1,  1952  to  March  31,  1952 


natelv  packing  house  wastes  are  inherently  warm,  and  contain  a  high  per¬ 
centage  of  organic  matter  resulting  in  favorable  gas  production.  An  impres¬ 
sion  of  the  effect  of  the  temperature  of  the  raw  wastes  and  the  concentra  ion 
of  volatile  solids  of  the  raw  wastes  on  the  cost  of  supplementary  fuel  require¬ 
ments  for  a  plant  of  1  MGD  of  capacity  can  be  had  from  a  study  of  Figure  2. 
Tvpically  packing  house  wastes  have  a  volatile  solids  content  of  1200  ppm 
and  a  temperature  of  85°  F.  Figure  2  indicates  that  under  these  conditions 
the  extra  fuel  requirements  would  cost  about  $2,000.00  per  year.  If  the  wastes 
were  at  a  temperature  of  88°  F.,  or  had  a  strength  of  about  1400  ppm,  the  sup¬ 
plementary  fuel  requirements  would  be  zero.  If  on  the  other  hand  the  strength 


Figure  2.  Effect  of  Temperature  of  Raw  Waste  on  the  Cost  of 
Supplementary  Fuel  Requirements  -  Plant  B 
Digestion  Temperature  95°  F. 


of  the  raw  wastes  were  only  600  ppm  because  of  dilution  with  clean  waters, 
the  supplementary  fuel  required  would  have  a  value  of  $5,000.00  per  year.  * 
This  all  shows  in  a  very  graphic  way  how  important  is  the  elimination  of 
clean  waters  from  the  plant  sewer  system.  Though  it  is  easier  to  illustrate 
the  effect  of  dilution  for  the  anaerobic  process,  the  above  statement  holds 
as  well  for  aerobic  processes. 


D.  Comparison  of  Costs  with  Aerobic  Processes 

In  the  July  1  report  a  comparison  of  costs  of  anaerobic  and  aerobic  plants 
were  presented  for  two  plant  sizes,  one  based  on  0.5  MGD  of  raw  wastes 
the  other  on  a  plant  of  1  MGD  capacity.  In  a  summary  way  it  can  be  stated 

[°on cost°of  TgS  °nhthe  ^naerobic  Process  then  practised,  that  the  construc- 
n  cost  of  anaerobic  plants  are  likely  to  be  about  two-thirds  of  those  for 

Furthl^  n,%°f  U  trlCklin6  filter  ‘W  tor  the  degree  oE  treata^t 
Furthermore,  for  the  assumed  characteristics  of  the  wastes,  the  total  annual 
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charges  (fixed  charge  plus  operation  and  maintenance  costs)  of  the  anaero¬ 
bic  plants  were  estimated  to  be  about  three-quarters  of  those  for  a  compar¬ 
able  trickling  filter  plant.  No  attempt  has  as  yet  been  made  to  evaluate  the 
effect  of  the  considerably  higher  loadings  which  have  been  achieved  in  the 
research  tests  to  be  described  later,  on  the  comparison  of  costs,  but  because 
the  digestion  tanks  are  the  greatest  cost  item  the  effect  will  be  sizeable. 

III.  Special  Investigations  Preparatory  to  Research  Test  Program 

Introductory.  Following  the  authorization  of  a  research  investigation 
of  the  process  by  the  Board  of  Directors  of  the  American  Meat  Institute  on 
October  6,  1952,  a  number  of  studies  preliminary  to  a  program  of  actual  tests 
were  initiated.  Before  discussing  these,  a  review  of  the  existing  status  of  the 
process  at  the  time  the  research  project  was  begun  is  in  order,  as  a  back¬ 
ground  for  what  is  to  follow. 

B.  The  Separation  Problem.  During  the  two  year  period  since  the  pilot 
plant  was  first  placed  in  operation  in  July,  1950,  to  the  date  of  the  evaluation 
report  previously  discussed  (July  1,  1952),  separation  of  the  solids  from  the 
liquid  was  the  major  problem  affecting  the  efficiency  of  the  process.  Even 
though  BOD  removal  efficiencies  of  about  95%  were  possible  at  the  then  prac¬ 
tised  loadings,  the  removal  of  suspended  solids  were  relatively  low,  (approxi¬ 
mately  80%)  indicating  among  other  disadvantages,  difficulties  with  holding 
the  solids  in  the  system  at  higher  loadings.  Preliminary  tests  conducted  dur¬ 
ing  the  first  evaluation  study  suggested  the  efficacy  of  evacuating  the  gas  from 
the  sludge  as  a  means  of  improving  separation.  These  tests  indicated  that 
this  procedure  was  very  promising  in  solving  the  problem  of  gas  lifting  of 
some  of  the  sludge  particles.  Accordingly,  during  the  period  from  July  1, 
to  September  1,  1952,  devices  for  evacuation  of  the  gas  on  a  continuous  flow 
basis,  followed  by  sedimentation  in  a  tank  equipped  with  provision  for  con¬ 
tinuous  sludge  removal  of  the  hydraulic  suction  type,  were  designed.  This 
installation  is  shown  in  diagrammatic  form  in  Figure  3.  The  new  separation 
process  was  placed  in  operation  on  September  2,  1952.  An  indication  of  its 
efficiency  is  the  fact  that  the  per  cent  removal  of  suspended  solids  by  the  en¬ 
tire  process  in  the  period  from  September  2  to  December  25,  1952,  increased 
from  its  former  value  of  80%  to  95.5%.  The  effectiveness  of  the  evacuation 
and  separation  process  alone  can  be  illustrated  by  these  average  values  for 
the  same  period.  The  suspended  solids  in  the  influent  to  the  separation  tank 
averaged  10,630  ppm  with  an  effluent  of  the  tank  of  19.8  ppm  indicating  an 
average  efficiency  of  99.8%.  The  flow  diagram  of  the  process  during  this 
period,  as  well  as  during  the  research  tests  described  later  is  shown  in 
Figure  4. 

C.  Concentration.  Having  reached  a  reasonably  satisfactory  solution  to 
the  separation  problem  an  additional  problem  presented  itself.  Because  of 
the  relatively  low  average  specific  gravity  of  the  solid  particles  (about  1.4 
in  two  tests)  and  other  conditions  the  sludge  as  withdrawn  from  the  bottom 
of  the  separation  tank  was  of  low  solids  content  (about  1%).  This  necessitated 
the  pumpback  of  relatively  large  quantities  of  sludge  (up  to  200%  of  the  raw 
waste  flow)  involving,  in  addition  to  the  cost  of  pumping,  the  use  of  space  in 
the  digester  for  this  added  flow.  The  problem  of  concentration  was  basically 
an  economic  one,  since  the  process  performed  satisfactorily  as  it  was.  Sev¬ 
eral  methods  of  concentration  were  considered  to  solve  this  problem.  For 
the  existing  installation  it  appeared  that  the  use  of  a  weighting  additive  such 
as  fly  ash,  which  is  generally  available,  was  the  most  feasible.  Accordingly, 
a  series  of  jar  tests  involving  the  addition  of  various  amounts  of  fly  ash  were 
conducted  from  which  it  was  indicated  that  the  addition  of  100%  by  weight  of 
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Figure  4.  Schematic  Flow  Diagram 
Sept.  1,  1952  - 


flv  ash  of  the  dry  suspended  sewage  solids  was  a  desirable  value.  For  the 
detention  per iods^rovided,  little  more  in  the  way  of  concentration  could  be 
gained  by  increasing  the  additive.  This  addition  results  in  an  average  spe¬ 
cific  gravity  of  the  solids  of  2.0,  increasing  the  hydraulic  subsiding  value  of 

the  particles  (assuming  constant  diameter)  by  250%. 

Reinforced  by  the  results  of  the  small  scale  jar  tests,  560  pounds  of  fly 
ash  were  added  to  the  pilot  plant  between  11:45  A. M.  and  12:30  P.M.  on  No¬ 
vember  28.  This  amounted  to  approximately  100%  addition  to  the  537  lbs.  ot 
suspended  solids  in  the  system.  The  effect  of  this  addition  on  solids  concen¬ 
tration  is  shown  in  Figure  5.  At  a  settling  time  of  40  minutes  in  jars  (mean 
time  of  passage  in  separator,  36  minutes)  Figure  5  can  be  summarized  as 
follows: 


Time  after  Ash 
Addition  -  Hours 

Reduction  in 

Sludge  Volume  % 

Per  cent  Suspended  Solids 
in  Sludge  -  Exc.  Weight 
of  Fly  Ash 

0 

_  _ 

1.11 

1.75 

-  - 

1.25 

3.50 

12.0 

1.40 

8.00 

25.5 

1.68 

21.50 

32.0 

1.82 

22.50 

32.0 

1.83 

Another  way  of  illustrating  the  concentrating  effect  of  the  fly  ash  can  be 
had  from  Figure  6.  The  depth  of  sludge  in  the  35”  deep  separator  was  ap¬ 
proximately  19  inches  before  the  fly  ash  addition  was  made.  Holding  other 
variables  constant,  the  depth  of  sludge  17.5  hours  after  the  fly  ash  was  added 
was  only  8.5  inches.  It  should  be  pointed  out  that  the  fly  ash  additions  were 
made  to  the  equalizing  tank,  from  which  the  material  was  fed  with  the  raw 
wastes  over  a  period  of  12  to  18  hours.  This  explains  the  delay  in  reaching 
optimum  concentration  in  the  above  tests. 


D.  Cost  of  Evacuation.  The  cost  of  power  to  produce  the  vacuum  re¬ 
quired  in  this  process  has  been  investigated  in  a  preliminary  way.  The  an¬ 
nual  costs  for  a  plant  of  1  M  G  D  capacity  with  power  at  1  cent  per  KWH 
are  approximately  as  follows: 


Vacuum  Maintained 
Inches  of  Mercury 


Annual  Power 
Cost,  Dollars 


26 

24 

22 

20 


1500 

800 

550 

420 


The  preliminary  tests  and  the  research  tests  reported  later  herein  were 

conducted  at  25-26  inches  of  vacuum  because  of  the  physical  set-up  of  the 
pilot  plant.  Because  of  the  magnitude  of  this  operating  cost  item,  tests  were 
conducted  from  November  1  to  November  27,  1952,  employing  21-22  inches. 
These  tests  indicated  no  impairment  in  efficiency  at  the  then  practised  load¬ 
ings  of  approximately  .08  pounds  of  BOD  and  total  volatile  solids  per  cubic 
foot  per  day.  Whether  this  would  hold  true  at  higher  loadings  which  have 
been  shown  to  be  possible,  still  remains  to  be  demonstrated  in  a  later  test. 

.  .  emigration  of  0ther  Methods  of  Separation  and  Concentration 

_  ®  th  d.  beeg  indicated  the  presently  employed  method  of  separation  and  con  - 
nevnf°"  functions  satisfactorily.  Other  methods  including  flotation  deserve 
estigation  in  consideration  of  the  overall  economy  of  the  process.  The 


53 


54 


Figure  5.  Sludge  Concentration  Tests  -  Nov.  22,  28,  29,  1952 

Jar  Tests  on  the  Effect  of  Additive  on  Sludge  Concentration  in  Separator 


Figure  6.  Effect  of  Adding  Fly  Ash  on  Depth  of  Sludge  in 
Separator 

(Sludge  Discharge  at  Same  Volumetric  Rate) 

operation  which,  if  it  could  be  improved,  would  result  in  the  greatest 
likelihood  of  savings  is  that  of  concentration.  There  are  a  number  of  indi¬ 
cations  from  past  operation  of  the  pilot  plant,  that  floated  sludge  would  be 

somewhat  more  concentrated.  This  possibility  merits  investigation  in  the 
future. 


•  Procedure  in  Conducting  Research  Tests.  To  insure  the  satisfactory 
conduct  of  the  tests  according  to  a  planned  program  and  time  schedule  it  was 
necessary  to  detail  and  to  follow  certain  routine  operations  of  checking  the 
various  items  of  equipment  and  of  recording  and  analyzing  data.  In  view  of 
the  fact  that  a  number  of  factors  influence  the  efficiency  of  the  process  it 
was  also  necessary  in  planning  the  program  to  consider  which  of  these  fac- 

thiS  ^erf  ^  be  yariables  and  which  constants  in  the  various  tests.  Since 
he  effect  of  loading  was  paramount,  and  would  mask  wholly  or  to  a  large  ex- 
tent  some  of  the  other  factors,  this  was  considered  to  be  the  prime  variable 

2  Z  Z eHSo,JMS  °‘  (1)  the  *“»«*  01  theraw 

rJr.of  f  °f  the  Taw  feed‘  °ther  influencing  factors  are  (3)  the  tem- 
p  ure  digestion,  (4)  the  degree  of  mixing  in  the  digester  (5)  the  vacu 
urn  maintained,  (6)  the  per  cent  of  fixed  solids  in  the  system  ’(7)  hourlv 

characteristics)8  aad"^  lT^the^levet  of^l^dge  in  ttodigester^  InThe  ^first^ 
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senes;  of  tests  on  loading  factors,  items  (1),  (2),  (3),  (5),  (6),  (7),  (9),  and 
(  )  were  planned  as  constants,  the  other  factors  being  necessary  variables. 


IV.  Results  of  Research  Test  Program 

A.  Introductory 

At  the  January  9,  1953,  meeting  of  the  Committee  a  planned  program  of 
estmg  of  the  process  was  outlined  for  the  Committee's  consideration.  The 
scheduled  test  conditions  for  Series  1  are  presented  in  Table  1.  Briefly  sum¬ 
marized,  Series  No.  1  provided  for  a  valuable  loading  of  .10,  .15,  and  .20  of 
a  pound  BOD  per  cubic  foot  of  digester  capacity,  with  the  quantity  of  the  raw 
wastes  to  be  maintained  constant  at  900  cubic  feet  per  day,  and  the  strength 
at  1600  ppm  of  BOD  and  total  volatile  solids.  Following  Series  1,  a  number 
of  further  tests  on  such  factors  as  the  effect  of  temperature;  strength  of  raw 
wastes;  variations  in  hourly  load;  degree  of  mixing;  vacuum  maintained- 
weighting  additives;  supplementary  treating  of  effluent;  and  other  methods 
of  separation  and  concentration  are  to  be  conducted.  Coinciding  with  the 
above,  the  investigation  of  a  number  of  supplementary  factors  affecting  or 
involved  in  the  process  is  to  be  carried  on. 


B.  Results  of  Series  No.  1 

Because  of  the  careful  control  exercised  by  Mr.  Fullen,  it  was  possible 
to  achieve  the  planned  test  conditions  quite  closely  in  actual  operation.  As 
an  illustration  of  this,  as  well  as  to  furnish  information  on  the  actual  test 
data,  the  following  is  offered: 


Planned  Test  Average  Data 
Conditions  for  Test  Periods 


Digestion  Temperature,  °F. 

95 

95 

Vacuum,  Inches  of  Mercury 

25 

25.3 

Raw  Waste  Feed,  C.F.  per  day 

900 

890.0 

-  977.7 

Raw  Waste,  ppm  of  BOD 

1600 

1607 

-  1660 

Raw  Waste,  ppm  of  Total  Vol.  Sol. 

1600 

1487 

-  1523 

Total  Vol.  Solids  in  System,  ppm 

8500 

7318 

-  9261 

The  results  shown  above,  and  in  Table  2  are  for  the  five  week  days  of  Mon¬ 
day  to  Friday  inclusive,  excluding  holidays.  To  simulate  actual  packinghouse 
practice,  the  volumetric  and  organic  loadings  on  Saturdays,  Sundays,  and 
holidays  were  reduced  to  approximately  one-half  of  the  value  on  weekdays 
of  full  kill.  Because  it  is  believed  that  the  period  of  week  day  kill  properly 
represents  the  effect  of  loading  and  process  efficiency,  and  should  be  the 
basis  of  design,  results  for  the  week  day  period  are  in  general  presented. 
However,  to  indicate  whether  the  "rest  periods"  on  Saturdays,  Sundays,  and 
holidays  adversely  affect  the  process,  Table  3  is  presented.  Except  for  the 
inclusion  of  days  of  partial  or  no  kill,  this  table  is  calculated  on  the  same 
basis  as  Table  2.  To  indicate  the  difference  between  the  results  on  week¬ 
days  and  on  a  full  week  basis  (including  Saturdays,  Sundays,  and  holidays) 
summary  Table  4  has  been  prepared.  This  table  is  based  on  the  data  for 
Test  No.  2.  However,  the  same  overall  picture  results  if  other  test  periods 
are  considered.  Although  the  loadings  are  approximately  15%  lower  on  the 
basis  of  a  full  week,  the  effluent  strengths  and  removals  are  approximately 
the  same.  The  ability  of  the  process  to  "recover"  from  periods  of  under¬ 
feeding  or  complete  lack  of  feeding  have  been  demonstrated  frequently,  dur¬ 
ing  the  repair  shutdowns  or  modifications.  The  most  definite  indication  of 
recoverability  occurred  during  the  period  from  October  1  to  23,  1952,  when 
feed  was  discontinued  completely  because  of  the  absence  of  Mr.  Fullen. 
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Table  1  -  Test  Conditions  -  Series  No. 
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Table  2  -  Summary  of  Results  -  Series  1  -  Tests  1,  2,  and  3. 
Week  Day  Results  (Monday  through  Friday) 


1.  Test  Period _ _ 

2.  Raw  Feed,  c.f.d. 

3.  Return  Sludge,  c.f.d. 

4.  Gas,  c.f.d. 

5.  Temperature,  Deg.  F. 

6.  Vacuum,  In.  Hg. 

7.  Volume  of  Digester,  c.f. 

8.  Total  Solids,  Raw,  Lbs.  per  day 

9.  Total  Solids,  Raw,  ppm 

10.  Total  Solids,  Eff.,  Lbs.  per  day 

11.  Total  Solids,  Eff.,  ppm 

12.  Total  Volatile  Solids,  Lbs.  per  day,  Raw 

13.  Total  Volatile  Solids,  Raw,  ppm 

14.  Total  Volatile  Solids,  Eff.  Lbs.  per  day 

15.  Total  Volatile  Solids,  Eff.  ppm 

16.  Total  Volatile  Solids,  Per  cent  Removal 

17.  Suspended  Solids,  Raw,  Lbs.  per  day 

18.  Suspended  Solids,  Raw,  ppm 

19.  Suspended  Solids,  Eff.  Lbs.  per  day 

20.  Suspended  Solids,  Eff.  ppm 

21.  Suspended  Solids,  Per  cent  Removal 

22.  5  Day  BOD,  Raw,  Lbs.  per  day 

23.  5  Day  BOD,  Raw,  ppm 

24.  5  Day  BOD,  Eff.,  Lbs.  per  day 

25.  5  Day  BOD,  Eff.,  ppm 

26.  5  Day  BOD,  Per  cent  Removal 

27.  Total  Nitrogen,  Raw,  ppm 

28.  Total  Nitrogen,  Eff.  ppm 

29.  Total  Nitrogen,  Per  cent  Removal 

30.  Volatile,  Acids,  Eff.  ppm 

31.  Raw  Feed,  c.f.d. 

32.  Return  Sludge,  c.f.d. 

33.  Volume  of  Digester,  c.f. 

Digester  Loading,  Raw  Feed 

34.  Lbs.  per  c.f.  per  day,  BOD 

35.  Lbs.  per  c.f.  per  day,  TVS 

36.  Lbs.  per  c.f.  per  day,  S.S. 

Digester  Loading,  Total  Flow 

37.  Lbs.  per  c.f.  per  day,  BOD 

38.  Lbs.  per  c.f.  per  day,  TVS 

39.  Lbs.  per  c.f.  per  day,  S.S. 

40.  Detention  Period  in  Digester,  Hours, 

Raw  Feed 

41.  Detention  Period  In  Digester,  Hours, 
Total  Flow 

42.  Detention  Period  in  Separator,  Hours, 
Raw  Feed 

43.  Detention  Period  in  Separator,  Hours, 
Total  Flow 

44.  Sludge  Age,  Days,  TVS 

45.  Sludge  Age,  Days,  BOD 

46.  Return  Sludge,  ppm,  Total  Solids 

47.  Return  Sludge,  ppm,  Total  V.  Solids 

48.  Return  Sludge,  ppm.  Sus.  Solids 

49.  Return  Sludge,  ppm,  Sus.  V.  Solids 

50.  Return  Sludge,  ppm,  5  Day  BOD 

51.  Separator  Influent,  ppm,  Total  Solids 

52.  Separator  Influent,  ppm,  Total  V.  Solids 

53.  Separator  Influent,  ppm,  Sus.  Solids 

54.  Separator  Influent,  ppm,  Sus.  V.  Solids 

55.  Separator  Influent,  ppm,  5  Day  BOD 

56.  Fixed  S.S.  in  Return  Sludge,  Per  cent 

57.  Fixed  S.S.  in  Sep.  Influent,  Per  cent 

58.  No.  of  Turnovers  Per  Day  in  digester 
Surface  Settling  Rate,  gallons  per  sq.  ft. 
per  day 

59.  Raw  Flow 

60.  Total  Flow 

61.  Days  Included  in  Period  (except  as  noted) 

( 1)  8  week-day  period 

(2)  7  week-day  period 


Series  No. 

1 

Test  1 

Test  2 

Test  3 

Jan.  14 

Feb.  2 

Feb.  19 

-27,  1953 

-15,  1953 

-Mar.  9  iflfi.t 

910.7 

977.7 

890.0 

1383.1 

2084.2 

2447.0 

712.5(1) 

702.0 

569.0 

95.0 

95.0 

95.0 

25.0 

25.0 

25.85 

911.1 

653.7 

468.0 

306.2 

330.2 

306.7 

5388 

5412 

5523 

232.5 

242.6 

212.9 

4091 

3976 

3834 

84.5 

92.0 

84.6 

1487 

1508 

1523 

12.3 

12.5 

14.5 

216 

205 

261 

85.5 

86.4 

82.9 

51.6 

46.9 

45.4 

908 

769 

817 

0.84(1) 

1.21 

0.83 

15(1) 

20.0 

14.9 

98.4 

97.4 

98.2 

91.3 

100.1 

92.2(1) 

1607 

1641 

1660(1) 

3.41 

3.16 

3.92(1) 

60 

52 

71(1) 

96.3 

96.8 

95.7 

154 

151 

142 

114 

110 

90 

25.7 

27.2 

36.9 

39 

43 

37 

910.7 

977.7 

890.0 

1383.1 

2084.2 

2447.0 

911.1 

653.7 

468.0 

0.100 

0.153 

0.197 

0.093 

0.141 

0.181 

0.057 

0.072 

0.097 

0.405 

0.676 

1.169 

1.135 

2.734 

3.890 

1.864 

4.873 

6.561 

24.0 

16.1 

12.6 

9.2 

5.1 

3.4 

2.45 

2.28 

2.51 

0.97 

0.73 

0.67 

5.43 

4.69 

3.73 

1.40 

0.93 

0.86 

22,241 

27,625 

23,207 

11,006 

13,033 

11,369 

19,080 

24,133 

19,811 

11,539 

13,248 

11,395 

3,219(2) 

2,636 

2,980(1) 

16,260 

20,772 

18,742 

7,318 

9,261 

9,024 

12,616 

17,038 

15,680 

7,628 

9,350 

9,033 

2,039(2) 

2,000 

2,270(1) 

39.5 

45.0 

42.5 

39.5 

45.0 

42.4 

18.0 

25.0 

35.0 

213 

229 

208 

536 

716 

778 

10 

10 

10 

Table  3  -  Summary  of  Results  -  Series  1  -  Test  1,  2,  and  3. 
Full  Week  Results  (Sunday  through  Saturday) 


1.  Test  Period _ 

2.  Raw  Feed,  c.f.d. 

3.  Return  Sludge,  c.f.d. 

4.  Gas,  c.f.d. 

5.  Temperature,  Deg.  F. 

6.  Vacuum,  In.  Hg. 

7.  Volume  of  Digester,  c.f. 

8.  Total  Solids,  Raw,  Lbs.  per  day 

9.  Total  Solids,  Raw,  ppm 

10.  Total  Solids,  Eff.,  Lbs.  per  day 

11.  Total  Solids,  Eff.,  ppm 

12.  Total  Volatile  Solids,  Raw,  Lbs.  per  day 

13.  Total  Volatile  Solids,  Raw,  ppm 

14.  Total  Volatile  Solids,  Eff.  Lbs.  per  day 

15.  Total  Volatile  Solids,  Eff.  ppm 

16.  Total  Volatile  Solids,  Per  cent  Removal 

17.  Suspended  Solids,  Raw,  Lbs.  per  day 

18.  Suspended  Solids,  Raw,  ppm 

19.  Suspended  Solids,  Eff.  Lbs.  per  day 

20.  Suspended  Solids,  Eff.,  ppm 

21.  Suspended  Solids,  Per  cent  Removal 

22.  5  Day  BOD,  Raw,  Lbs.  per  day 

23.  5  Day  BOD,  Raw,  ppm 

24.  5  Day  BOD,  Raw,  Eff.,  Lbs.  per  day 

25.  5  Day  BOD,  Raw,  Eff.,  ppm 

26.  5  Day  BOD,  Raw,  Per  cent  Removal 

27.  Total  Nitrogen,  Raw,  ppm 

28.  Total  Nitrogen,  Eff.,  ppm 

29.  Total  Nitrogen,  Per  cent  Removal 

30.  Volatile  Acids,  Eff.,  ppm 

31.  Raw  Feed,  c.f.d. 

32.  Return  Sludge,  c.f.d. 

33.  Volume  of  Digester,  c.f. 

Digester  Loading,  Raw  Feed 

34.  Lbs.  per  c.f.  per  day,  BOD 

35.  Lbs.  per  c.f.  per  day,  TVS 

36.  Lbs.  per  c.f.  per  day,  s.s. 

Digester  Loading,  Total  Flow 

37.  Lbs.  per  c.f.  per  day,  BOD 

38.  Lbs.  per  c.f.  per  day,  TVS 

39.  Lbs.  per  c.f.  per  day,  s.s. 

40.  Detention  Period  in  Digester,  Hours, 

Raw  Feed 

41.  Detention  Period  in  Digester,  Hours, 

Total  Flow 

42.  Detention  Period  in  Separator,  Hours, 

Raw  Feed 

43.  Detention  Period  in  Separator,  Hours, 
Total  Flow 

44.  Sludge  Age,  Days,  TVS 

45.  Sludge  Age,  Days,  BOD 

46.  Return  Sludge,  ppm,  Total  Solids 

47.  Return  Sludge,  ppm,  Total  Volatile  Solids 

48.  Return  Sludge,  ppm,  Sus.  Solids 

49.  Return  Sludge,  ppm,  Sus.  Volatile  Solids 

50.  Return  Sludge,  ppm,  5  Day  BOD 

51.  Separator  Influent,  ppm,  Total  Solids 

52.  Separator  Influent,  ppm,  Total  Volatile 
Solids 

53.  Separator  Influent,  ppm,  Sus.  Solids 

54.  Separator  Influent,  ppm,  Sus.  Volatile 
Solids 

55.  Separator  Influent,  ppm,  5  Day  BOD 

56.  Fixed  s.s.  m  Return  Sludge,  Per  cent 

57.  Fixed  s.s.  in  Sep.  Influent,  Per  cent 

58.  No.  of  Turnovers  per  day  in  Digester 
Separator  Settling  Rate,  Gallons  per  sq.  ft 
per  day 

59.  Raw  Feed 

60.  Total  Flow 

61.  Days  Included  in  Period  (Except  as  Noted) 
(1)  12  day  period  including  2  week  ends. 

(2  13  day  period  including  2  week  ends. 

(3  13  day  period  including  2  week  ends. 

(4)  9  day  period  including  1  week  end. 


Series  No. 

1 

Test  1 

Test  2 

Test  3 

Jan.  14 

Feb.  2 

Feb.  19 

-27,  1953 

-15,  1953 

-Mar.  5,  1953 

828.0 

869.3 

865 

1357.9 

2102.7 

2421 

636.7(1) 

627.1 

499 

95.0 

95.0 

95.0 

25.0 

25.0 

25.85 

911.4(2) 

654.8 

464 

270.9 

286.3 

253.7 

5243 

5278 

4700 

210.2 

212.9 

194.9 

4068 

3925 

3611 

70.5 

79.6 

67.7 

1365 

1467 

1254 

11.0 

11.3 

12.3 

213 

208 

228 

84.4 

85.8 

81.9 

41.9 

40.1 

36.5 

811 

739 

676 

0.92(1) 

1.05 

0.83 

17.8(1) 

19.4 

15.4 

97.8 

97.4 

97.7 

76.7 

84.3 

70.2 

1485 

1554 

1301 

2.90 

2.78 

3.20 

56.1 

51.2 

59.3 

96.2 

96.7 

95.4 

143 

143 

117 

115 

110 

87 

19.8 

22.8 

25.4 

38 

44 

44 

828.0 

869.3 

865 

1357.9 

2102.7 

2421 

911.4(3) 

654.8 

464 

0.084 

0.129 

0.151 

0.074 

0.122 

0.146 

0.046 

0.061 

0.079 

0.382 

0.652 

1.091 

1.087 

2.679 

3.872 

1.803 

4.775 

6.605 

26.4 

18.1 

12.9 

10.0 

5.3 

3.4 

2.69 

2.57 

2.58 

1.02 

0.75 

0.68 

6.53 

5.49 

4.61 

1.73 

1.09 

1.07 

21,813 

26,908 

23,102 

10,858 

12,765 

11,445 

18,905 

23,523 

20,044 

11,258 

12,976 

11,538 

3,204(4) 

2,610 

2,886 

16,043 

20,808 

18,840 

7,353 

9,384 

8,998 

12,672 

17,159 

15,650 

7,581 

9,468 

9,032 

2,118(4) 

1,978 

2,185 

40.5 

45.0 

42.4 

40.2 

44.8 

42.4 

18.0 

25.0 

35.3 

194 

203 

202 

511 

695 

766 

14 

14 

17 

^ble  4  "  Summary  Comparison  of  Results  on  Week-Day  and 
Full  Week  Basis  -  Test  No.  2 


Week  Days 

Full  Week 

Loading,  Lbs.  per  c.f.  per  day 

BOD 

.153 

.129 

Total  Volatile  Solids 

.141 

.122 

Effluent,  ppm 

BOD 

52.0 

51.2 

Total  Volatile  Solids 

205 

208 

Suspended  Solids 

20.0 

19.4 

Per  cent  Removal 

BOD 

96.8 

96.7 

Total  Volatile  Solids 

86.4 

85.8 

Suspended  Solids 

97.4 

97.4 

Sludge  had  been  stored  and  heated  during  this  period.  Within  a  day  after  feed 
was  restored  at  the  then  usual  rates,  the  efficiency  of  the  process  was  normal. 

1.  Results  of  Series  No.  1,  Test  No.  1 

This  test  was  conducted  during  the  period  from  January  14-27,  1953. 
The  detailed  results  of  this  test  are  presented  in  the  table  which  follows. 
In  summary  the  conditions  which  obtained,  and  the  results  which  were 
achieved,  are  as  follows: 


Digester  Loading,  Raw  Feed, 

Lbs.  per  c.f.  per  day. 

5  Day  BOD 

0.100 

Total  Volatile  Solids 

0.093 

Digester  Detention  Period,  Raw  Feed,  Hours 

24.00 

Per  cent  Removal 

5  Day  BOD 

96.3 

Total  Volatile  Solids 

85.5 

Suspended  Solids 

98.4 

2. 


Results  of  Series  No.  1,  Test  No.  2 

Following  the  completion  of  Test  No.  1,  several  days  were  allowed 
for  a  tune-up  period.  When  operation  appeared  normal,  Test  No.  2  was 
begun  on  Feb.  2,  and  continued  until  February  15,  1953,  inclusive  with¬ 
out  interruption.  The  following  are  the  summary  results  of  this  test: 


Digester  Loading  Raw  Feed,  Lbs  per  c.f.  per  day. 

5  Day  BOD  0.153 

Total  Volatile  Solids  0.141 

Digester  Detention  Period,  Raw  Feed,  Hours 

16.1 


Per  cent  Removal 

5  Day  BOD 

Total  Volatile  Solids 

Suspended  Solids 


3.  Results  of  Series  No.  1,  Test  No.  3 

Having  experinced  no  tendency  for  the  efficiency  to  drop  at  hi£h®r 
loadings,  Test  No.  3  was  begun  on  February  19  and  continued  until  March  9, 
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inclusive.  A  breakdown  of  the  sludge  removal  mechanism,  necessitated 
the  stoppage  of  feed  and  the  exclusion  of  two  days  (March  2-3)  from  the 
data  while  repairs  were  being  made.  A  summary  of  results  for  this  test 
follow: 


Digester  Loading,  Raw  Feed,  Lbs.  per  c.f. 

per  day. 

5  Day  BOD 

0.197 

Total  Volatile  Solids 

0.181 

Digester  Detention  Period,  Raw  Feed,  Hours 

12.6 

Per  cent  Removal 

5  Day  BOD 

95.7 

Total  Volatile  Solids 

82.9  ' 

Suspended  Solids 

98.2 

4.  Results  of  Series  1,  Test  No.  4 

Because  no  marked  reduction  in  efficiency  was  experienced  in  Test 
No.  3,  the  planned  test  program  was  altered  to  provide  for  Test  No.  4. 
This  was  begun  on  March  16  and  involves  loadings  of  .25  to  .30  pound 
per  c.f.  per  day  of  BOD  and  total  volatile  solids.  At  this  writing  the  test 
is  still  in  progress. 

C.  Summary  of  Results 

It  is  of  interest,  now  that  the  loading  tests  have  progressed  to  the  point 
of  indicating  that  much  higher  loadings  than  were  thought  possible  in  the  early 
days  of  development  of  the  project,  to  review  the  results  of  several  years  of 
operation  of  the  pilot  plant  and  to  compare  them  with  similar  data  obtained 
during  the  present  research  program.  Table  5  and  Figures  7  and  8  present 
such  a  summary.  It  will  be  seen  that  the  loadings  in  the  research  test  (Series 
1  -  Test  3)  are  approximately  four  times  what  they  were  during  the  prelimi- 
nary  periods  (E-VI)  from  October,  1950,  to  May,  1952,  with  equal  or  greater 
efficiencies.  The  detention  periods  in  the  digester  (based  on  raw  feed)  have 
now  been  reduced  to  1/3  to  1/4  of  what  they  were  in  the  early  periods.  Fig¬ 
ure  9  is  a  plot  of  data  on  the  effect  of  loadings  on  efficiency  of  the  process. 

No  marked  reduction  in  efficiency  has  been  experienced  with  the  loadings 
practised  to  the  time  of  this  writing.  The  effect  of  the  new  separation  proc¬ 
ess  in  increasing  the  removals  of  suspended  solids  and  total  volatile  solids 
is  evident  from  Figure  9. 


V.  Summary 

analysis  °*  on  a-nerobic  contact  process  over  a  three 

year  period  permits  the  following  summary  statements- 

flow  and  les^than  4  hours  on  the  totel  flo^Uncluding^eturn  s’ludgeT  WaSt6 
are  £ssfcle tVcMventlZ?!?  theh  ‘°adinSs  a«  considerably  higher 'than 

ling  filters)  wherein  “Ss  M  (activated  sludBc  and  trick- 

day  are  usual.  "gS  of  .02  to  .05  pounds  of  BOD  per  cubic  foot  per 

4.  Two  explanations  for  the  large  loadings  attainable  by  the  process  are 
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TableJ  -  Loadings,  Detention  Periods,  and  Efficiencies  in  Various 
Tests,  Raw  Feed  Basis. 


Per  Cent  Removal 

BOD 

Sus.  Sol. 

Total 

Vol.  Sol. 

Detention 

Period,  Hrs. 

Periods  II-IV  (1)  -  Loading 

.049 

.023 

.040 

57.0 

Per  cent  Removal 

94.4 

77.6 

74  3 

Periods  V-VI  (2)  -  Loading 

.053 

.029 

.053 

31.0 

Per  cent  Removal 

95.6 

83.3 

75.1 

Periods  VII -XI  (3)  -  Loading 

.079 

.050 

.083 

25.0 

Per  cent  Removal 

95.6 

95.5 

82.2 

Series  No.  1  —  Test  1  Loading 

0.100 

.057 

.093 

24.0 

Per  cent  Removal 

96.3 

98.4 

85.5 

Test  2  -  Loading 

0.153 

.072 

.141 

16.1 

Per  cent  Removal 

96.8 

97.4 

86.4 

Test  3  -  Loading 

0.197 

.097 

.181 

12.6 

Per  cent  Removal 

Test  4  -  Loading 

Per  cent  Removal 

95.7 

98.2 

82.9 

Notes:  -  (1)  Period  II,  October  17,  1950  to  March  11,  1951,  Period  IV, 
August  13,  1951  to  December  31,  1951.  Period  II  excluded 
from  this  and  July  1,  1952  report  because  operation  was 
not  continuous  during  construction  and  tests  on  other  sepa¬ 
ration  methods. 

(2)  Periods  V-VI.  January  1,  1952  to  May  20,  1952. 

(3)  Periods  VII -XI.  September  2,  1952  to  December  25,  1952 
with  new  separation  process. 

the  high  temperatures  of  the  process  and  the  high  concentration  of  solids 
possible  in  this  system. 

5.  The  process  is  apparently  a  very  rugged  one,  being  able  to  with¬ 
stand  prolonged  periods  of  no  feed  or  of  reduced  feed  without  detrimental 
effect. 

6.  While  the  process  appears  to  be  "workable"  at  this  stage,  a  large 
number  of  influencing  factors  require  investigation  to  furnish  information 
on  their  relative  effect  and  to  increase  to  overall  economy  of  the  process. 
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Figure  7.  Loadings  in  BOD  and  Volatile  Solids  in  the  Various  Tests 
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Figure  9.  Effect  of  Loadings  on  Efficiency 
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TRICHINOSIS -OCCURRENCE,  SIGNIFICANCE  AND  CONTROL 

Benjamin  Schwartz 

Zoological  Division,  Bureau  of  Animal  Industry 
U.S.  Department  of  Agriculture 
Washington,  D.  C. 

Trichinosis  -  A  Serious  Disease 


Trichinosis  is  a  disease  of  man  and  animals  caused  by  parasitic  round- 
worms  known  as  Trichinella  spiralis.  The  parasites  are  rather  unusual  in 
that  they  live  first  as  adults  in  the  intestine  and  later  as  larvae  in  the  mus¬ 
cles  of  the  same  host  animal.  In  other  words,  the  same  person  or  animal 
serves  both  as  definitive  and  intermediate  host,  in  the  order  named,  exhibit¬ 


ing  at  times  injuries  that  are  related  to  these  two  main  phases  of  the  para¬ 
sites’  developmental  cycle.  Another  unusual  feature  in  the  life  cycle  of  this 
parasite  is  that  the  minute  larvae  which  emerge  from  the  female  worms  are 
transported  by  the  circulation  to  the  host's  muscles.  This  produces  a  para¬ 
sitemia  during  the  period  of  muscle  invasion,  which  lasts  between  two  and 
three  weeks.  Thus,  the  parasites  invade,  in  turn,  the  gastrointestinal  tract, 
the  blood  and  lymph,  and  the  striated  muscles,  and  may  be  carried  also  to 
other  parts  of  the  body,  such  as  the  abdominal  and  thoracic  viscera  includ¬ 
ing  the  heart  muscle  itself,  as  well  as  the  central  nervous  system.  In  fact, 
the  clinical  manifestations  of  the  disease  reflect  the  developmental  cycle  of 
the  parasites,  including  their  migrations  through  the  body. 

Trichinosis  is  unquestionably  one  of  the  most  serious  of  the  parasitic 
diseases  of  man  and  animals.  It  is  not  certain  whether  T.  spiralis  actually 
possesses  an  inherent  pathogenicity  of  greater  magnitude  than  that  of  other 
roundworms,  or  whether  the  grave  syndrome  it  is  capable  of  producing  is  ue 
largely  to  the  retention  and  dissemination  of  the  broods  of  larvae  produce 
by  the  female  worms.  The  fact  is  that  a  single  female  can  give  birth  to  a 
thousand  or  more  larvae  which  are  capable  of  penetrating  muscle  fibers  and 
setting  up  there  an  inflammatory  process.  The  high  reproductive  potenti 
of  the  parasite  presents,  therefore,  a  hazard  to  the  host  that  is  not  encoun¬ 
tered  in  the  more  common  parasitic  infections  which  arte.us,;^lyhoSsetlf'hml" 
ted  and  without  increase  in  numbers  by  multiplication  within 

Clinical  and  Zoological  Trichinosis  Not  Identical. 

Trichinosis  has  been  of  concern  for  many  decades  to  physicians,  public 
health^clrkers^ veterinarians,  as  well  as  to  the  livestock ;  and 

a^bUvTs?ockJsa^taUone  X "^Si^never  diagnoTedTn' Uvt 

ae;::u  is  ot”.  i^his  d.Lase .have  cr  pnca,t  matters  to 
beyond* th^realffToMactua^kno^vledge.  ^The  term  trichinosis,  which  implies 
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a  clinical  entity,  has  been  applied  too  indiscriminately  to  light  infections 
which  have  only  zoological,  but  no  demonstrably  practical,  significance. 

Occurrence  of  Trichinae  in  Man  in  the  United  States 

Some  20  years  ago  attention  became  sharply  focused  on  trichinosis,  not 
because  of  serious  outbreaks  of  this  disease  in  the  United  States  but  mainly 
because  of  a  short  article  published  in  the  Journal  of  Parasitology  by  Queen, 
who  recorded  finding  trichinae  in  the  muscles  of  59  out  of  344  persons  (17.16 
per  cent)  who  came  to  autopsy  in  Rochester,  New  York,  and  in  16  out  of  58 
persons  (27.6  per  cent)  who  came  to  autopsy  in  Boston,  Massachusetts.  This 
report  stimulated  during  the  next  dozen  years  or  so  a  rather  large  output  of 
survey  data.  The  most  extensive  and  most  representative  study  was  made 
by  workers  of  the  United  States  Public  Health  Service,  involving  the  digestion 
of  about  5,000  human  diaphragms  obtained  from  patients  that  died  in  various 
hospitals  and  of  several  hundred  from  individuals  who  were  accidentally 
killed  on  the  streets.  Approximately  one  out  of  every  six  diaphragms  exam¬ 
ined  by  the  digestion  technique  contained  trichinae,  the  vast  majority  of  the 
infected  ones  showing  relatively  few  parasites. 

When  it  is  borne  in  mind  that  the  diaphragm  is  among  the  most  preferred 
locations  of  Trichinella  spiralis,  that  about  85  per  cent  of  those  found  to  har¬ 
bor  trichinae  contained  less  than  11  worms  per  gram,  and  that  only  4.5  per 
cent  contained  over  50  per  gram,  it  is  not  surprising  that  an  inspection  of  the 
medical  histories,  when  available,  of  the  infected  individuals  involved  in  the 
surveys  failed  to  show  clear-cut  evidence  of  trichinosis  or  even  symptoms 
definitely  suggestive  of  this  disease.  The  obvious  conclusion  to  be  drawn 
from  this  and  other  surveys  is  that  the  presence  of  relatively  small  numbers 
of  trichinae  in  the  diaphragms  of  persons  is  not  indicative  of  the  presence  or 
previous  existence  of  the  disease  trichinosis.  Despite  the  possibility  that  an 
unknown  number  of  the  infected  individuals  may  have  had  at  one  time  attacks 
of  trichinosis  of  greater  or  lesser  severity,  most  of  them  had  so  few  worms 
that  they  probably  experienced  little,  if  any,  inconvenience  as  a  result  of  it. 
What  the  surveys  demonstrate  beyond  any  doubt,  however,  is  (1)  the  occur¬ 
rence  of  trichinae  in  pork  eaten  by  the  public,  and  (2)  that  many  Americans 
eat  insufficiently  cooked  or  inadequately  cured  pork.  The  consumption  of 
such  pork  by  many  persons  is  the  most  significant  finding  recorded  in  the 
trichina  surveys,  because  past  experience  with  trichinosis  outbreaks  in  this 
country  has  led  to  the  view  that  raw  pork  is  eaten  mainly  by  persons  of  for¬ 
eign  birth.  Now  we  know  that  many  native  Americans  in  the  course  of  their 
lifetime  eat  probably  over  and  over  again  pork  that  has  not  been  cooked 
roughout,  or  cured  sufficiently,  to  insure  the  destruction  of  all  the  trichinae 
it  may  contain.  Since  trichinae  are  far  less  common  in  hogs  than  in  man  it 
must  be  assumed  that  many  meals  of  insufficiently-cooked  pork  have  to  be 
eaten  before  one  chances  to  ingest  live  trichinae. 


Prevalence  of  the  Disease  Trichinosis  in  Human  Beings 

ipnr^fPfreVI.0USly  Stated’  SOme  investiSat°rs  who  have  reported  on  the  preva- 
ience  of  trichmac  m  our  population  have  not  always  differentiated  the  clinical 

“r-  0f  trichlnosis  from  the  mere  occurrence  of  trichinae  in  rather 
small  numbers;  unaccompanied  by  symptoms.  No  wonder,  then,  that  a  num¬ 
ber  of  more  or  less  sensational  articles  have  appeared  in  newspapers  and 
magazmes,  picturing  one  out  of  every  six  Americans  as  a  victim  of  trichino 

t  °Vhe  NeW  YOrk  State  Trichinosis  Commiss^n  there  is  an 

wf  ftt  i  .!hOWlng  flve  individuals  standing  erect  and  one  lying;  flat  on  thP 
back,  the  latter  being  the  one  infected  out  of  every  six  Durin^hi  t 

the  surveys  on  the  prevalence  of  trichinae  were  in  progress  a^d  werTL  ^ 
reported  tn  medical  and  public  health  journals  of  thL  clu„try?your  s^ker 
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received  a  number  of  inquiries  from  correspondents,  who  expressed  sur¬ 
prise,  and  sometimes  amazement  as  well  as  incredulity,  that  trichinosis 
should  be  so  widely  prevalent  in  the  United  States. 

Some  investigators  have  concluded  from  the  autopsy  data  on  the  preva¬ 
lence  of  trichinae  in  human  diaphragms  that  the  United  States  has  the  great¬ 
est  trichinosis  problem  in  the  world.  Perhaps  this  conclusion  would  be  justi¬ 
fied  if  the  finding  of  a  few  trichinae  in  the  diaphragm  at  autopsy  could  be 
considered  evidence  of  previously-existing  clinical  trichinosis.  From  the 
facts  at  hand,  however,  there  is  no  justification  for  such  a  view.  As  a  mat¬ 
ter  of  fact,  the  available  evidence,  meager  as  it  is,  points  to  the  opposite 
view.  The  individuals  who  harbored  trichinae  at  autopsy  had  practically 
nothing  in  their  medical  histories  that  was  suggestive  of  trichinosis,  except 
records  of  such  vague  symptoms  as  muscular  pains,  or  rheumatism,  or 
something  of  the  sort.  In  a  study  at  the  Mayo  Clinic,  the  medical  histories 
of  those  persons  who  did  not  harbor  trichinae  at  autopsy  contained  about  as 
many  suggestions  of  rheumatic  pain  as  of  those  in  whom  trichinae  were 
found. 

Certain  infection  rates  in  human  diaphragms  have  been  designated  ar¬ 
bitrarily  as  probably  representing  evidence  of  previously-existing  morbidity, 
not  all  investigators  being  in  agreement,  however,  as  to  how  many  encysted 
larvae  per  gram  of  tissue  can  be  assumed  to  be  evidence  of  disease.  Nor  is 
there  any  adequate  factual  basis  on  which  such  a  relationship  can  even  be 
postulated.  The  reaction  of  a  host  to  a  parasite,  like  other  biological  mani¬ 
festations,  is  probably  influenced  by  too  many  factors  to  permit  the  writing 
of  a  simple  equation:  x  number  of  larvae  of  Trichinella  =  morbidity  in 


Homo  sapiens. 

The  morbidity  figures  on  trichinosis  are  admittedly  incomplete;  never¬ 
theless,  they  do  not  indicate  a  wide  prevalence  of  the  disease  in  the  United 
States,  nor  do  they  suggest  that  we  have  a  trichinosis  problem  of  great  mag¬ 
nitude.  Before  the  resurgence  of  interest  in  human  trichinosis  in  this  coun¬ 
try,  the  total  number  of  cases  recorded  in  the  medical  literature,  beginning 
in  1862  to  about  the  middle  of  the  1930’s,  was  between  5,000  and  6,000.  Dur¬ 
ing  the  15-year-period  1937  to  1951,  the  average  number  of  cases  reported 
by  the  United  States  Public  Health  Service  was  about  350  per  year.  With 
nearly  all  States  now  reporting,  the  number  of  cases  recorded  in  1950  and 
1951  were  319  and  393,  respectively.  If  we  assume  that  not  all  cases  of 
trichinosis  are  diagnosed  as  such,  it  is  also  proper  to  assume  that  some  of 
the  cases  diagnosed  as  trichinosis  might  be  something  else.  Once  we  resort 
to  assumptions  with  regard  to  this  disease,  the  converse  of  the  proposition 
that  trichinosis  is  often  confused  with  other  febrile  diseases  cannot  be  entire¬ 
ly  disregarded. 


Trichinous  Pork  Is  the  Source  of  Human  Trichinosis 

The  cases  of  trichinosis  in  the  United  States  which  have  beer .traced  to 
their  source,  with  few  conspicuous  exceptions,  were  found  to  have  been  d  e 
io  the  consumption  of  raw  or  rare  pork  in  one  form  or  another.Ushould 
rvrvf  hp  however,  that  Trichinella  spiralis  is  confined  to  hogs  and 

£la”s  These  pa^sitesTi^Tderange  o,  hosts  among  the  mam- 
mals  and  can  even  live  in  birds.  It  is  probable,  moreover  that  the  aaapia 
tion  of  trichinae  to  hogs  is  more  or  less  recent, 

is  connected  with  the  domestication  of  these  animals  and  their  consequent 
de^ndence  on  feed  supplied  by  man.  Considering 
of  trichinae,  these  nematodes  probably  were  parasites  °(  carn‘"°'f 
Z  urn,  acquired  them  from  smaller,  omnivorous 

At  the  present  time,  however,  the  hog  is  practically  the  so  e  source  o,  „ 
fricMnosfs,  and  the’feeding  of  garbage  to  hogs  is  the  principal  source  of 
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porcine  trichinosis.  The  domestic  hog  is  certainly  not  a  predator  and,  if 
divorced  from  scraps  of  raw  pork  and  occasional  dead  rats  and  sometimes 
perhaps  live  ones  in  commercial  and  household  garbage,  as  well  as  in  offa 
from  slaughter  houses,  might  even  be  free  of  trichinae  altogether  or  acquire 
them  only  rarely.  Our  Corn  Belt  hogs,  at  the  present  time,  have  practically 
negligible  infections  with  trichinae  as  shown  by  the  following  data. 

Prevalence  of  Trichinae  in  Farm-raised  and  Garbage-fed  Hogs 

During  a  recent  3 -year-period  or  so  we  conducted  a  survey,  involving 
the  digestion  of  3,031  diaphragms  from  as  many  midwestern  swine.  Only 
19  (0.63  per  cent)  were  found  to  harbor  trichinae  following  digestion,  where¬ 
as  microscopic  examination  of  small  samples  from  a  fairly  large  proportion 
of  these  diaphragms  gave  consistently  negative  results.  In  this  study  the 
maximum  number  of  parasites  recovered  from  any  diaphragm  was  between 
7  and  8  per  gram,  most  of  the  infected  samples  containing  only  from  five 
trichinae  per  1,000  grams  to  two  per  gram.  A  parallel  study  of  garbage-fed 
hogs,  carried  out  during  the  same  period,  yielded  the  following  results: 

1,328  diaphragms  obtained  from  as  many  pigs  in  Boston,  New  York  and 
Philadelphia,  were  examined  and  149  (11.21  per  cent)  found  to  be  infected, 
when  the  digestion  technique  was  used.  What  was  most  significant  in  this 
study,  however,  was  the  fact  that  64  (4.81  per  cent)  of  the  diaphragms  were 
found  to  be  infected  by  direct  microscopic  examination  alone.  Counts  of 
trichinae  liberated  in  the  process  of  artificial  digestion  of  these  diaphragms 
showed  up  to  100  or  more  parasites,  and  in  one  case  2,741,  per  gram  of 
tissue. 

In  an  earlier  study  during  the  years  1933  to  1938,  approximately  13,000 
diaphragms,  from  hogs  that  had  been  raised  on  farms  and  fed  forage  and 
grain,  were  examined  by  digestion;  126  (0.95  per  cent)  were  found  to  contain 
trichinae,  most  being  only  lightly  parasitized.  A  sizeable  proportion  of  the 
infected  diaphragms  also  were  examined  microscopically  and  only  about  20 
per  cent  found  to  be  infected.  During  the  same  period  about  12,500  diaphragms 
from  hogs  determined  to  have  been  fed  garbage  also  were  examined.  Leaving 
out  of  consideration  for  the  moment  about  2,000  diaphragms  from  hogs  known 
to  have  been  fed  cooked  garbage,  599  out  of  10,500  diaphragms  (5.7  per  cent) 
from  the  garbage-fed  hogs  were  infected  with  trichinae.  The  incidence  and 
degree  of  infection  varied  from  place  to  place;  those  in  the  vicinity  of  Bos¬ 
ton,  Massachusetts,  showed  the  highest  incidence,  which  was  in  excess  of  10 
per  cent,  and  those  from  Topeka,  Kansas,  were  entirely  free  of  trichinae. 
Moreover,  the  intensity  of  infection  of  garbage-fed  hogs  was  much  higher, 
on  the  whole,  than  that  of  farm-raised  hogs. 

It  is  evident,  therefore,  that  garbage-fed  hogs  are  the  main  sources  of 
human  trichinosis.  The  sterilization  of  garbage  by  heat  unquestionably  would 
reduce  to  a  great  extent  the  most  fertile  source  of  this  disease.  Of  nearly 
2,000  diaphragms  that  we  obtained  from  hogs  known  to  have  been  fed  cooked 
garbage  in  Oregon  and  California,  only  about  0.5  per  cent  were  found  to  har¬ 
bor  trichinae,  and  of  those  so  infected  nearly  one-half  contained  practically 
negligible  numbers  of  the  parasites. 


Control  of  Human  and  Swine  Trichinosis 

A  number  of  methods  for  controlling  porcine  and  human  trichinosis  have 
Deen  proposed,  none  of  which  is  likely  to  result  in  complete  eradication  of 
this  disease  either  from  hogs  or  man. 

The  oldest  best-known,  and  most -widely  tested  method  is  microscopic 
inspection  of  all  pork  intended  for  human  food.  Despite  everything  that  has 

fr?chinald  againSt  thlS  scheme  of  prophylaxis,  including  the  failurl  to  detect 
trichinae  in  many  carcasses  which  are  lightly  parasitized,  the  fact  remains 
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that  every  infected  carcass  discovered  removes  a  possible  hazard  to  human 
health  and  a  potential  source  of  infection  to  swine.  The  Germans  in  particu¬ 
lar,  have  pointed  with  pride  to  the  steady  decline  in  the  incidence  of  trichina 
infection  of  their  hogs,  attributing  the  decline  practically  altogether  to  the 
discovery,  with  the  aid  of  the  microscope,  and  subsequent  elimination  of 
trichinous  hog  carcasses.  The  Germans  reported  that  in  1936  only  135  out 
of  nearly  19,000,000  hogs  were  found  by  their  inspection  system  to  be  in¬ 
fected  with  trichinae,  whereas  in  1941,  in  Poland,  where  microscopic  inspec¬ 
tion  was  not  practiced  prior  to  the  German  occupation  of  that  country,  the 
infection  rate  in  pigs  was  70  times  greater  than  that  of  Germany.  Based  on 
figures  cited  in  this  paper  on  the  incidence  of  trichinae  in  farm-raised  hogs 
in  the  United  States  between  1933  and  1938,  our  infection  rate  during  that 
period  was  about  300  times  greater  than  that  of  Germany  in  1936.  In  this 
computation  full  allowance  has  been  made  for  the  possibility  that  only  about 
20  per  cent  of  the  carcasses  found  to  contain  trichinae  by  digestion  would 
have  been  discovered  by  microscopic  inspection. 

Leaving  out  of  consideration  garbage -fed  hogs,  we  have,  presumably, 
6,300  lightly-infected  trichinous  hogs  per  million  in  the  Corn  Belt,  very  few 
of  which  would  be  detected  by  microscopic  examination.  Approximately  how 
many  would  be  detected  by  such  routine  inspection  is  anybody's  guess,  as  is 
also  the  good  that  would  be  accomplished  thereby  in  preventing  infections  of 
humans  with  clinical  checking  the  trichinosis  and  spread  of  the  parasites  to 
swine.  Assuming  an  annual  kill  of  about  60,000,000  hogs  under  Federal  in¬ 
spection,  378,000  may  be  presumed  to  be  infected  with  trichinae.  These 
hogs  are  so  lightly  infected,  in  most  cases,  that  it  is  doubtful  whether  anyone, 
other  than  a  person  with  a  capricious  appetite  or  a  morbid  desire  for  raw 
pork  in  large  quantities,  would  be  seriously  affected,  even  if  he  happened  to 
eat  such  lightly-infested  pork  somewhat  undercooked  or  perhaps  inadequately 
cured.  It  is  probable  that  many,  if  not  most,  of  the  cases  of  nonclinical 
trichinosis  are  acquired  from  such  lightly -infected  pork,  and  that  the  inva¬ 
sion  of  the  body  by  small  numbers  of  trichinae  so  ingested  ultimately  leads 
to  the  building  up  of  an  infection  rate  of  about  16  per  cent  in  the  population. 

Whether  much  would  be  accomplished,  in  the  final  analysis,  by  the  ex¬ 
penditure  of  several  million  dollars  annually  for  microscopic  inspection  of 
pork  in  this  country,  and  whether  any  significant  reduction  of  trichinosis 
would  result  from  such  inspection  because  its  effect  might  be  offset,  for  the 
most  part,  by  creating  in  the  minds  of  many  persons  a  false  sense  of  security, 
are  questions  which  have  been  raised  and  answered  in  the  negative  often 
enough  and  require,  therefore,  no  further  discussion  at  present. 

In  addition  to  the  valuable  protection  that  is  now  afforded  to  the  public 
by  Federal  meat  inspection,  with  its  rigid  requirements  for  the  processing 
of  pork-containing  food  of  kinds  customarily  eaten  without  cooking, .  ^er®  « 
still  a  need  for  safeguarding  the  consumer  of  fresh  pork.  At  least  two  prac 
Ucal  methods  of  doifg  this  luggest  themselves^  One  is  compulsory  cookmg 
under  supervision  of  all  garbage  that  is  fed  to  hogs,  and  the  °^®r 
protecting  the  consumer  from  unintentional  faulty  cooking  at  home  and  in 
public  eafing  places.  From  the  data  presented  in  this  paper  it  »  « ‘^ent  1 that 
garbage -fed* pork  is  the  main  source  of  clinical  trichinosis,  and  that  farm 
raised  pork  probably  is  the  main  source  of  nonclmical  trichinosis.  h 
are  many  compelling  reasons,  other  than  trichmosis,  for  c»kmg  >11  grtage 
intended  as  hog  feed.  Because  of  the  current  epizootic  of  vesicular  e^the 
ma  in  swine,  the  time  is  propitious  for  enacting  legislation  by  the  State^ 

require  the  cooking  of  garbage  intended  as  hoe  f“d;  ln  “  eirbage-borne 
spread  of  this  and  other  virus  diseases,  as  well  as  all  otter garbage^  Do  ^ 

infections.  Such  action  by  the  States,  coupled  wit  1  nf  the  most 

cooking  requirements,  would  undoubtedly  result  in  the  elimination  of  the 
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fertile  source  of  trichinae  to  swine,  and  thereby  reduce  the  extent  of  human 
clinical  trichinosis. 

The  cooking  of  garbage  to  be  fed  to  swine  would  not  seriously  influence, 
however,  the  extent  of  zoological  trichinosis  in  man  because  farm -raised 
hogs  also  acquire  trichinae.  However  light  the  infections  may  be  in  these 
animals,  they  tend  to  carry  on  the  cycle  from  hog  to  hog  through  the  feeding 
of  household  scraps  and  in  other  ways,  and  to  spread  the  parasite  from  hogs 
to  man.  Your  speaker  knows  of  no  easy  way  out  of  this  situation  other  than 
continued  education  of  swine  producers  in  livestock  sanitation  and  disease 
prevention.  However,  we  must  not  lose  sight  of  the  fact  that  all  of  us  can 
avoid  acquiring  trichinae  by  the  simple  device  of  insisting  on  well-cooked 
pork  at  all  times  and  in  all  places.  Although  we  are  entitled  to  governmen¬ 
tal  protection  from  the  danger  of  acquiring  diseases  and  parasites  from  ani¬ 
mal  food,  logic  as  well  as  wisdom  suggests  that  we  should  also  do  everything 
that  is  possible  to  protect  ourselves  from  the  danger  inherent  in  raw  pork, 
especially  when  means  of  doing  this  are  at  hand  and  so  easy  to  apply. 
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THE  EFFECT  OF  ANTIBIOTICS  ON 
PORK  CARCASS  QUALITY 

R.  W.  Bray 

Department  of  Animal  Husbandry 
University  of  Wisconsin 
Madison,  Wisconsin 


Antibiotics,  although  not  considered  a  nutrient,  have  become  important 
in  swine  nutrition.  Even  though  there  are  many  antibiotics  known,  only  a  few 
such  as  aureomycin,  terramycin,  bacitracin,  and  penicillin,  have  been  con¬ 
sidered  effective  in  the  promotion  of  growth  in  swine. 

Several  factors  such  as  kind  of  antibiotic,  level  of  antibiotic  fed,  age  of 
animal,  nutritional  adequacy  of  the  ration,  and  possibly  others  determine  the 
effectiveness  of  antibiotics  in  swine  rations.  The  action  of  the  antibiotics 
has  not  been  well  established,  although  several  theories  have  been  postulated. 

The  effect  of  antibiotics  on  pork  carcass  quality  has  not  been  clearly  de¬ 
fined  even  though  several  groups  of  researchers  have  studied  it.  About  as 
much  variation  in  the  results  exists  as  there  are  numbers  of  institutions  con¬ 
ducting  the  research.  Certainly  some  of  this  variation  can  be  attributed  to 
the  many  variables  in  the  experimental  procedures 

Before  we  attempt  to  interpret  the  results  of  the  work  to  date  th 
subject  it  might  be  well  to  discuss  the  meaning  of  the  term  quality  as  relate 

importance^  the  sale  of  pork,  we  must  recognise  this  demand  on  the  part 

or  the  percentage  of  lean  cuts  has  been  u  studies  your  speaker  will 

there  is  so  much  variation  in  the  resu  important  findings  of  each, 

present  some  of  the  work  to  date  and  po  nt  ^ ““ \his  Object 
Iowa  workers  have  probably  inducted  more HbioUcs anS  at  different 
than  any  other  group.  They  have >  used  ®ev  u  significant  as  has  been 

levels.  The  response  in  growthduetoantibmtms  was  s  g^  fQund  that 

the  case  in  most  experiments,  but  in  1951  an  ag  alone  had  little 

APF  supplement  containing  antibiotic  an  .  *?  f  lean  cuts  when  the  hogs  were 
if  any  influence  on  fat  back  thickness ,  or coveting  an  experi- 
carried  to  market  weight.  These  sana e  r  on  the  carcass  of  grow- 

ment  at  the  present  time  on  the  effec  °  f  the  recommended  amounts 

ing  pigs.  They  have  used  antibkrf :ics “  this  slaughter  weight 

and  have  slaughtered  the  pigs  at  100  cases  give  greatest  growth  re- 

has  been  used  since  the  antibiotics  m  most  cases  give  g 


72 


sponse  up  to  about  100  pounds  live  weight.  Preliminary  analyses  of  the  data 
suggest  no  effect  on  the  carcass  as  regards  dressing  percentage,  cutout  yield, 
or  fat  back  thickness.  Before  we  attempt  to  use  this  latter  information,  we 
should  await  final  analysis  of  the  data  by  the  Iowa  workers. 

Researchers  at  the  University  of  Minnesota  have  conducted  a  rather  ex¬ 
tensive  study  to  compare  not  only  economy  of  gains  but  carcass  excellence 
when  antibiotics  were  fed  only  during  the  early  part  of  the  growth  period  and 
when  fed  to  pigs  up  to  market  weight.  They  fed  aureomycin,  terramycin,  and 
penicillin  to  separate  lots  at  the  rate  of  5  milligrams  per  pound  of  feed.  Three 
lots  were  given  the  antibiotics  to  125  pounds  of  weight  while  the  additional  lots 
were  given  the  antibiotics  to  200  pounds.  Daily  gain  and  feed  consumption 
were  increased  especially  during  the  early  growth  period  and  furthermore 
withdrawal  of  the  antibiotics  from  the  ration  did  not  reduce  feed  consumption 
for  the  fattening  period  as  a  whole.  However,  antibiotics  did  not  improve  the 
efficiency  of  feed  utilization.  The  carcass  data  have  not  been  analyzed  com¬ 
pletely,  but  these  workers  point  out  that  the  data  suggest  that  little  if  any  dif¬ 
ference  seems  to  be  present  among  carcass  characteristics. 

In  observing  the  averages  for  their  carcass  data,  there  appeared  to  be 
a  trend  toward  thicker  fat  backs  on  the  hogs  fed  antibiotics  and  slightly  thicker 
fat  backs  on  hogs  fed  antibiotics  during  the  entire  growth  and  fattening  period. 
(Note  these  are  observations  based  on  the  raw  data  which  are  presently  being 
analyzed  statistically  for  significance.) 

The  Iowa  and  Minnesota  work  has  involved  the  use  of  a  standard  ration 
with  antibiotics  added.  Other  stations  have  been  studying  the  effect  of  anti¬ 
biotics  in  rations  varying  as  to  protein  level. 

The  Ohio  workers  in  two  experiments  used  two  protein  levels,  one  con¬ 
sidered  a  low  and  the  other  to  be  a  standard  level.  The  following  table  sum¬ 
marizes  their  results. 

Table  1  -  Effect  of  an  Antibiotic  with  Low*  and  Standard  Amounts 
of  Protein 


Without  antibiotic 

With  antibiotic 

Low 

protein 

Standard 

protein 

Low 

protein 

Standard 

protein 

Number  of  pigs 

Av.  weight  at  slaughter,  lb. 
Cuts,  %  of  slaughter  weight 
Primal  cuts,  %  of  total 

Lean  cuts,  %  of  total 

Fat  trimmings,  %  of  total 
Thickness  of  back  fat,  in. 

Value  per  100  lb.,  cut  carcass 

*  T  n. 

18 

210.0 

76.6 

61.1 

49.5 

26.1 

1.73 

$30.35 

17 

210.2 

76.1 

63.5 

51.3 

24.3 

1.67 

$30.99 

12 

209.2 

77.3 
61.7 

49.4 
26.0 

1.78 

$30.40 

12 

210.8 

75.2 

64.0 

51.7 

24.0 

1.67 

$31.14 

- - -  imcui  iuw  contained  iz.4  and  12. U  per 

T6  10-4  and  10-0  Per  cent  after;  and  the  standard  contained 
Q,  and.1®-5  Per  cent  before  and  13.4  and  14.5  per  cent  after  the  pigs 
averaged  120  pounds  in  weight,  respectively. 


carcasses  than  was  the  use  of  an  antibiotic  thGSe 

^W.fc«5£SS  ~  esS  Sf  ■ 
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containing  three  different  levels  of  protein. 

Ninety-six  feeder  pigs,  averaging  45  pounds,  were  randomly  distributed 
into  twelve  lots  of  eight  pigs  each.  All  lots  were  fed  a  corn,  soybean  oil  meal, 
alfalfa  meal  ration.  High,  intermediate,  and  low  levels  of  protein  were  fed 
to  each  of  three  groups  of  four  lots  each.  The  initial  protein  levels  for  the 
three  groups  were  20,  17,  and  14  per  cent.  When  the  average  weight  of  the 
pigs  in  each  lot  reached  75  pounds  the  protein  percentages  were  lowered  to 
16,  13,  and  11  per  cent  respectively.  From  150  to  210  pounds  the  protein  was 
further  reduced  to  12,  10,  and  9.5  per  cent.  The  four  lots  within  each  protein 
level  were  fed  as  follows:  Lot  1,  control  ration;  lot  2,  control  plus  20  meg. 
of  crystalline  vitamin  B12  per  kilogram  of  air-dry  ration;  lot  3,  control  plus 
20  mg.  of  aureomycin  per  kilogram  of  ration;  lot  4,  aureomycin  and  vitamin 
B12  in  combination  at  the  levels  fed  in  lots  2  and  3. 

When  the  average  weight  of  a  lot  reached  210  pounds  the  pigs  were 
slaughtered  packer  style  and  after  a  24-  to  48 -hour  chill  the  right  side  was 
measured  and  cut. 

The  summary  of  the  carcass  data  is  shown  in  Table  2. 

In  the  high  protein  lots,  the  addition  of  20  meg.  of  vitamin  B12  and  20 
mg.  of  aureomycin  per  pound  of  feed,  alone  or  in  combination,  did  not  sig¬ 
nificantly  change  the  percentage  of  lean  cuts,  dressing  percentage,  fat  back 
depth,  or  length  of  carcass. 

There  was  an  increase  in  percentage  of  lean  cuts  in  the  intermediate 
protein  lot  given  aureomycin  which  approached  significance.  The  B^  alone 
or  in  combination  with  aureomycin  significantly  increased  the  percentage  of 


loan  cuts. 

Aureomycin  in  the  low  level  protein  lot  was  found  to  increase  both  the 
primal  and  lean  cut  yields  significantly.  The  same  was  true  for  the  low  pro¬ 
tein  lots  given  B12  alone  or  in  combination  with  aureomycin.  The  increase 
in  lean  cut  and  primal  cut  yield  over  the  basal  low'  protein  lot  was  similar 
among  the  B12,  aureomycin,  and  combination  lots.  Dressing  percentage  or 
length  of  carcass  were  not  affected  by  any  treatment  within  a  protein  level. 
These  results  are  from  one  trial  and  certainly  need  to  be  duplicated  before 
definite  recommendations  are  to  be  made.  This  is  especially  true  since  the 
results  of  the  Ohio  work  suggest  no  effect  on  carcass  yield  when  an  antibio  1 

WaS  Bowland*  araT co -  wo rker s  at  the  University  of  Alberta,  using  typical  west¬ 
ern  Canadian  rations,  either  all  vegetable  or  mixed  an^a! 
supplemented  them  with  APF  containing  vitamin  Bi2  and  APF  containing  re 

esidual  aureomvein  in  addition  to  vitamin  B12.  » 

The  classes  in  this  study  were  scored  according  to. Radian  Advanced 
Registry  standards,  which  include  the  exact  measurements  of  length  o  s  de 
evenness  and  thickness  of  back  fat,  balance  of  side,  belly  grade,  area  of  loin 

muscle  and  type  There  was  a  definite  trend  toward  the  lowering  of  the  car- 
muscie,  ana  yp  .  However  the  decrease  in  score  was  greater 

when  STap  F*  and  antibiotic  “°pTt  ’SS'SX,  — 

:l*t  ^„PteheCceanrcasVse  U  be  du'eT ve“  ' "st  gardening  the  ttnishing  period, 

may  be  soon  in  published  form  and  will  indicate  that  the  *e‘  {“S,*"* 

,re"d  t0Mrd  greater  “ 

back^L^ 

fearOo^fat,  dressin^pe^cent ^  an'd  Vengt^of  carcass.  Very  tittle  has  been 
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Table  2  -  Summary  of  Carcass  Analysis  (Wisconsin  work) 
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done  as  regards  the  effect  of  antibiotics  on  the  quality  of  the  lean  meat. 

Both  at  Wisconsin  and  at  Florida,  work  has  been  conducted  in  an  effort  to 
find  out  what  happens  to  some  of  the  B-vitamin  levels  when  antibiotics  are 
added  to  the  ration.  A  small  amount  of  data  provided  by  the  Florida  work¬ 
ers  suggests  that  aureomycin  has  not  had  any  appreciable  effect  on  the  ribo¬ 
flavin,  niacin,  folic  acid,  or  B^  content  of  muscle  tissue  in  pork.  In  a  lim¬ 
ited  amount  of  work  at  Wisconsin  the  addition  of  aureomycin  to  standard  and 
high  protein  rations  resulted  in  a  lower  vitamin  B^  activity  in  the  muscle. 
This  depression  was  significant  at  the  5  per  cent  level. 

In  an  attempt  to  bring  these  findings  together,  one  finds  it  difficult  to 
make  any  definite  conclusions  because: 


1.  We  have  only  a  limited  amount  of  work  on  the  subject. 

2.  Most  experiments  have  been  set  up  to  study  growth  rate  and 
economy  of  gain,  with  carcass  quality  studies  more  or  less 
an  afterthought. 

3.  The  data  available  are  conflicting  possibly  due  to  the  many 
variables  existing  among  the  experimental  designs,  such  as 
type,  breed  of  hog,  protein  level  in  the  ration,  length  of  period 
of  supplementation  with  antibiotics,  and  amount  of  antibiotic 
in  the  ration. 


We  need  more  good  critical  work  on  the  subject,  with  the  emphasis  not 
only  on  the  ratio  of  lean  to  fat  in  the  pork  carcass,  but  especially  as  regards 
the  quality  factors  in  the  lean.  We  must  prepare  ourselves  to  answer  such 
questions  as  to  how  antibiotics  affect  the  marbling  and  other  fat  deposition, 
color,  moisture  content,  vitamin  content,  flavor,  juiciness,  and  tenderness 
of  pork.  It  is  highly  possible  that  they  have  no  effect,  but  we  must  know  this 
to  be  true. 

It  would  seem  that  we  need  likewise  to  know  how  antibiotics  affect  the 
methods  used  in  processing  meat,  especially  those  where  microorganisms 
are  involved.  This  line  of  thinking  has  been  stimulated  by  the  work  of  Cahill 
and  others  at  the  Ohio  Station  where  they  have  infused  freshly  slaughtered 
beef  rounds  with  aureomycin.  They  held  the  beef  rounds  at  room  tempera¬ 
ture  from  24  to  72  hours.  At  the  conclusion  of  the  holding  period,  the  rounds 
were  examined  for  spoilage.  Although  there  were  a  number  of  sour  rounds 
in  the  controls,  none  of  the  infused  rounds  spoiled.  Relating  this s  work -to 
pork,  we  need  not  infer  necessarily  that  pork  hams  from  hogs  fed  antibiotics 
would  keep  fresh  longer,  but  rather  that  residual  antibiotic  may  ^ss  bly 
the  type  of  microflora  during  the  cure.  However  we  must  first  establish 
whether  or  not  there  is  such  a  residue  and  at  the  same  time  gather  know 
Tdee  as  to  the  lability  of  antibiotics  in  the  lean  tissue.  Indications  are  that 
aureomycin  not  very  stable  at  37°C.  or  under  either  acidic  or  baste  con- 
Hitions  Lower  temperatures  seem  to  improve  its  stability. 

With  work  on  antibiotics  in  swine  feeding  dating  back  only  two  year  , 

are  to  answer  questions  now  in  the  minds  of  p  > 

sumer. 
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XI 


OPERATIONS  RESEARCH  AS  APPLIED  TO  THE 
PROBLEMS  OF  INDUSTRY 

John  B.  Lathrop 
Arthur  D.  Little,  Inc. 

New  York,  New  York 


Operations  research,  the  application  of  the  methods  of  scientific  re¬ 
search  to  provide  tools  for  executive  decision  in  problems  of  management 
far  removed  from  the  laboratory,  has  recently  made  rapid  strides.  Deci¬ 
sions  concerning  scheduling  of  production,  budgeting  and  allocation  of  sales 
promotion  and  advertising,  and  selection  from  among  alternative  demands 
for  capital  expenditure,  have  been  aided  by  the  work  of  operations  research 
teams.  Nevertheless,  the  number  of  companies  in  which  its  principles, 
methods,  and  potential  uses  are  understood  is  surprisingly  small. 

This  discussion,  therefore,  will  outline  briefly  how  operations  research 
began,  what  it  is,  how  it  works,  and  some  problems  of  industrial  manage¬ 
ment  in  which  it  has  been  useful.  We  will  also  touch  upon  some  features  of 
its  recent  development  in  industry. 


How  Operations  Research  Began 

Organized  operations  research  was  a  war  baby,  and  commenced  with  the 
formation  of  groups  of  scientists  to  analyze  combat  data  in  wartime,  in  order 
to  determine  the  effectiveness  of  selected  military  operations,  and  to  devise 
means  for  improving  the  use  of  weapons  and  weapons  systems.  The  techniques 
of  scientific  research  were  applied  to  many  operating  problems  never  before 
approached  in  this  manner,  many  of  which  were  widely  held  to  be  unsuscep¬ 
tible  to  scientific  or  quantitative  methods  of  attack. 

In  anti-submarine  warfare,  in  connection  with  the  terrific  problem  of 
finding  enemy  submarines  at  sea,  OR  isolated  and  measured  from  combat 
records  the  effects  of  searcher  speed,  searcher  altitude,  and  meteorological 
conditions  on  the  probability  that  a  submarine  would  be  sighted.  Physiologists 
foTth^h^h  fact°rf  foJ  the  behavior  of  the  eye,  electronics  engineers  factors 

operation '  T^th  ^  T  t0  be  W°rked  11110  an  °Vera11  theory  of  the  search 
loraHnn  nf  Th  °  tUrn’  Provided  ^ e  basis  for  best  decisions  as  to  al- 

1  Cat_lon  °f  parching  effort,  and  as  to  which  equipments  were  best. 

f  lny  af  ,  e°ries,  or  working  models  of  the  operations,  provided  tools 
for  the  best  decisions  regarding  means  for  anti-submarine  attack  for  ar- 

DoHS1nfgaC°nh°hS  and  th61r  escorts>  for  bombing  factories,  for  gunfire  sup¬ 
port  of  amphibious  operations.  p 

anyth0tarnaetwwartSH^Cah,  fhif  stature  in  the  Armed  Forces  when  almost 
mies  Manv  1  ?  eaSt  °nCe  ln  the  desperate  effort  to  defeat  our  ene- 

^earch^tavL  T  ™thods  were  called>  but  few  were  chosen.  Operations  re- 
h  stayed,  and  has  since  become  an  important  and  acceDted  feature 
our  md.tary  organization,  a  tribute  to  its  value  a„d“setu^ess 
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the  conventional  fields  of  science  and  engineering  have  yielded  to  the  methods 
of  scientific  research.  It  has  been  found  that  many  of  the  principles  developed 
from  military  operations  research  could  be  transferred  directly  to  the  prob¬ 
lems  of  business  and  industry. 

What  It  Is 

Many  management  decisions  in  industry  require  the  selection  of  factors 
relevant  to  the  outcome  of  an  operation,  determining  values  for  each  of  these 
factors,  estimating  how  each  affects  the  outcome  of  the  operation  concerned, 
and,  finally,  selecting  a  course  of  action  which  will  yield  the  most  favorable 
outcome.  Too  often  such  decisions  are  based  upon  an  incomplete  understand¬ 
ing  of  the  basic  relationships  among  important  factors,  particularly  when 
such  relationships  may  be  obscured  by  masses  of  unwieldy  data.  The  result 
may  be  judgments  based  in  too  large  a  part  on  opinion,  so  that  conflict  and 
disagreement  result. 

Operations  research  tries  to  provide  a  more  complete  and  integrated 
quantitative  basis  for  such  decisions,  by  defining  explicitly  the  factors  which 
should  be  measured;  finding  ways  to  isolate  them  from  among  complex  data 
and  to  determine  their  values;  and  to  establish  explicit  quantitative  relation¬ 
ships  among  them  which  can  be  used  to  predict  the  effects  of  alternative  de¬ 
cisions. 

An  operations  research  attack  on  a  problem  is  basically  that  of  the  sci¬ 
entific  method,  an  unbiased  systematic  approach.  Many  of  the  techniques 
used  are  not  new,  only  their  wider  applications  are.  Scientists  do  not  know 
more  about  war  than  military  men,  or  more  about  business  than  business¬ 
men,  but  they  do  bring  to  their  problems  a  new  attitude,  as  well  as  new 
techniques,  and  formulate  problems  in  a  new  language. 


How  It  Works 

The  operations  research  approach  may  commence  with  the  selection 
of  measures  of  effectiveness  in  terms  of  which  the  success  or  failure  of  an 
operation  is  to  be  judged.  These  may  be  quite  different  from  those  previous¬ 
ly  employed.  As  an  example,  during  the  war  the  Navy  provided  crews  to 
man  anti-aircraft  machine-gun  defenses  for  merchant  vessels.  It  was  noted 
that  the  proportion  of  attacking  enemy  aircraft  shot  down  by  such  batteries 
was  very  small  compared  with  AA  experience  of  naval  warships.  It  was  sug¬ 
gested,  therefore,  that  the  naval  gun  crews  could  find  better  employment 
elsewhere  and  should  be  withdrawn  from  merchant  vessel 
study  indicated,  however,  that  in  the  case  of  merchant  vessel»  ** 

machine-gun  batteries,  the  ships  hit  per  attacking  aircraft  were  much  lower 
than  for  undefended  vessels.  The  correct  measure  of  eff. 3C‘1^"eSS  ^°Jr^a{t 
ploy  in  this  decision  was  ships  hit  per  attacking  aircraft,  rather  than  aircraft 

shot  down  per ^attack.Qns  research  study  conCerned  with  evaluating  the  effec- 
ttTdXrlnt  off ^s  ofthe 

5  K2SSS  =5?  S.ESS  5 

ated  in  such  a  manner  as  to  maximize  profits  ‘he  company^the  tre 
wanted  to  see  them  adjusted  so  as  to  maximize  ret  sal  Ps  ex_ 

the  sales  manager  was  interested  in  gross  Qf  effectiveness  were 

pense.  It  was  discovered  that  hese  vary  could  not  be  operated  to  maxi- 

m" m  auTonce.'  "necessary  .0  deveiop  a  new  and  different  meas- 
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sure  which  represented  in  proper  proportions  the  interests  of  the  various 
officers  of  the  company,  and  to  which  they  could  all  agree. 

The  next  step  in  the  operations  research  approach  may  be  the  develop¬ 
ment  of  a  working  model  of  the  operation  studied.  This  model  usually  takes 
the  form  of  a  set  of  mathematical  expressions,  since  words  are  unwieldy, 
and  because  mathematical  equations  provide  means  for  manipulation,  extra¬ 
polation,  and  maximizing.  The  model  provides  a  theory  of  the  operation, 
which  can  be  used  to  predict  quantitatively  the  effects  of  alternative  courses 
of  action.  It  is  not  an  abstraction,  and  every  part  of  it  should  have  a  physi¬ 
cal  and  practical  meaning. 

In  order  to  illustrate  what  we  mean  by  a  working  model,  let  us  look  at 
a  simple  theoretical  example  of  the  development  of  a  model  of  an  operation. 
In  a  certain  production  machine  is  a  bearing  secured  by  two  bolts,  which 
are  subject  to  breakage.  If  as  many  as  one  of  these  bolts  is  intact,  the  ma¬ 
chine  can  be  operated.  If  both  break,  however,  the  machine  is  down  for 
twenty  hours  for  repair  and  adjustment.  An  inspection  of  the  machine  while 
it  is  still  in  running  order,  to  ascertain  the  condition  of  these  bolts,  and  to 
replace  one  if  broken,  would  require  the  machine  to  be  down  for  two  hours. 
The  decision  required  is  whether  or  not  to  institute  a  program  of  regular 
inspections  of  these  bolts  and,  if  so,  the  interval  at  which  such  inspection 
should  be  carried  out. 

The  measure  of  effectiveness  selected  is  the  expected  fraction  of  the 
time  that  the  machine  is  out  of  service,  which  we  wish  to  minimize.  An  ex¬ 
amination  of  operating  data  showed  that  the  average  lifetime  of  these  bolts 
is  1,000  operating  hours,  provided  the  other  bolt  was  intact  and  sharing  the 
load.  After  one  bolt  is  broken,  the  average  lifetime  of  the  remaining  bolt 
was  found  to  be  200  hours.  Furthermore,  an  examination  of  the  distribution 
of  bolt  lifetimes  around  the  average  showed  that  breaks  appeared  to  occur 
at  random,  so  that  distribution  of  bolt  lifetimes  is  exponential. 

From  this  information  and  probability  theory,  it  is  simple  to  produce  a 
model  of  the  operation  in  the  form  of  probabilities  that  none,  one,  or  two  of 
the  bolts  would  be  broken  after  a  machine  had  been  operated  for  any  given 

number  of  hours  after  an  inspection.  These  probabilities  would  look  about 
as  follows  : 
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An  extension  of  this  model  to  include  the  times  required  for  inspection 
or  repair  provides  a  relationship  between  the  fraction  of  the  time  that  a 
machine  should  be  out  of  service  and  any  given  inspection  interval,  which 
takes  the  following  form: 


For  those  interested,  the  formula  for  this  "decision  function"  is: 


f  = 


20  -  30e  -t/500  +  I2e~^200 

720  -  2590e-t,/500  +  436e_t/200 
~3  3 


An  expression  like  this,  rather  than  something  constructed  from  wood  and 
steel  is  the  "working  model"  as  seen  by  operations  research.  In  this  sim¬ 
ple  illustration  the  techniques  needed  to  develop  it  were  relatively  simple 
In  practice,  techniques  beyond  those  normally  used  in  engineering  -  such  as 
communications  theory,  game  theory,  Linear  Programming  - 

calculus  -  as  well  as  probability  and  statistical  theory,  are  often  drawn  upon, 
calculus  as  well  P  >  research  approach  typically  1S  to  check 

the  work£g model Against  operating  or  experimental  data  reflecting  varying 
conddtiorisf ilTorder  to  determine  whether  the  mode,  -  ^  counted  upon  to 
reproduce  actual  results  when  such  factors  as  time,  place,  or  type 

rules  or  control  charts  so  that  operating  personnel  can  apply  tne 
best  operation. 

Example  -  Production  and  Inventory  Scheduling 

A  problem  frequently  encountered  in  °I’e  severely  fluctuating 

sales  ^at  mmimum^veraU^ost  rl^n 

S^te^twr/mrrmlTf'oTrtLe  an! aiteration  o,  iabor  force, 
letting  inventories  take  up  the  slack. 
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Although  this  suited  the  production  manager,  the  treasurer  was  unhappy 
and  thought  this  practice  involved  unnecessary  storage  costs  and  tied  up  funds 
in  too  large  inventories.  The  sales  manager  was  satisfied  as  long  as  inven¬ 
tories  were  always  large  enough  so  he  could  meet  demand  without  running 
into  back  orders  and  their  attendant  loss  of  good  will,  loss  of  customers,  and 
artificial  stockpiling.  Scheduling  had  been  difficult  because  of  the  large  num¬ 
ber  of  products  and  production  lines,  and  several  factors  were  involved  which 
weren't  measured  and  could  only  be  argued  about. 

The  working  model  of  the  operation  used  the  total  of  costs  associated 
with  the  schedule  as  a  measure  of  effectiveness  to  be  minimized,  and  sum¬ 
med  separately  the  costs  associated  with  production,  inventorying,  and  back¬ 
orders  -  each  group  representing  the  interests  of  one  of  the  interested  execu¬ 
tives.  Severely  summarized,  it  looked  like  this: 


Cost 

where: 

Cp(P  m) 

Cl(Im) 

CBO^m) 


—  Cp(Pm)  +  2  ci(Im)  +  2  CB0(Im) 

Cost  of  producing  (in  any  month)  an  amount  of  production 
Pm 

Cost  of  carrying  in  inventory  an  amount  of  inventory  Im 
Cost  of  back-orders  associated  with  an  amount  of  inventory 
Im 


Once  the  model  was  set  up,  the  best  schedule  can  be  solved  for  by  the 
echnique  of  linear  programming,  an  arithmetic  for  solving  such  an  expres¬ 
sion,  subject  to  restrictions  imposed  by  capacities  to  produce  or  store,  and 
company  policies  such  as  those  relating  to  permissible  overtime. 

ImP°rtant  features  of  the  operations  research  problem,  however  were 
the  hmitmg  of  costs  appearing  in  the  working  model  to  those  related  to  the 

f„ChedUle  ■  tl>e  goods  were  produced  -  and  ass^fng  values 
some  of  them  which  were  not  measured  before.  For  instance  the  cost 
of  raw  materials  had  to  be  borne  sometime  during  the  year  so  was  essen 
tially  unaffected  by  the  production  schedule.  On  the  other  hand  costs  of 
overtime  production  had  to  include  costs  of  setting  up  extra  shifts  and  , 
increased  costs  due  to  less  efficient  labor  and  Zervis  Jn  Back  nrd „  * 

measured  before  '“gVu  “tT "S" ?  b00kkeeP^  bad  »*  been 

out  into  the  ol  tor  el2  d  r  bacKk-°fders  Practice,  bringing  them 
•be  effect  of  the  choice  of  S-Srd^^ 
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carrying  costs. 

The  sum  of  overtime  and  inventory  costs  for  the  optimum  schedule 
turned  out  to  be  44  per  cent  of  those  for  the  schedule  previously  planned. 

A  quick  and  simple  method  for  extending  optimum  scheduling  to  all  produc¬ 
tion  divisions  of  the  company  was  devised,  as  were  methods  for  altering 
schedules  with  changes  in  costs.  Guesswork  in  scheduling  was  eliminated 
and  argument  reduced  to  discussions  concerning  the  values  of  component 

factors,  with  knowledge  as  to  how  variation  in  any  of  them  should  affect  over 
all  costs. 


Example  -  Evaluation  of  a  New  Development 

In  connection  with  the  development  of  a  new  transportation  control  equip 
ment,  a  company  required  a  quantitative  measure  of  the  degree  to  which  it 
would  improve  the  operation.  The  technical  characteristics,  costs,  and  re¬ 
liabilities  of  the  proposed  equipment  and  those  which  it  might  replace  were 
pretty  well  known.  There  was  no  good  way,  however,  to  place  it  in  an  opera¬ 
tional  rather  than  a  technical  environment,  and  there  to  compare  it  quanti¬ 
tatively  with  competing  equipments. 

A  principal  contribution  of  OR  to  this  problem  was  to  develop  a  new 
measure  to  describe  an  elusive  characteristic  of  railroad  operations  -  the 
delay  to  trains  caused  by  one  train  waiting  for  another  at  crossings  or 
sidings  -  akin  to  a  safety  factor.  Neither  the  developing  company  nor  the 
operations  research  team  were  prepared  to  tell  railroads  what  this  time  de¬ 
lay  factor  should  be  and  practice  varied  widely.  But,  they  could  provide  a 
measure  for  it,  and  show  how  it  affected  the  control  operation. 

So  a  measure  called  a  "passing  parameter"  was  developed.  This  was 
merely: 

p  =  ?!  -  T2 
°  t 

where  Tj  and  T2  were  the  times  at  which  trains  were  scheduled  to  arrive 
at  a  possible  point  of  conflict  -  such  as  a  siding  on  a  single  track  road  - 
and  t  was  the  time  it  would  take  the  faster  or  heavier  train  to  decelerate 
and  stop. 

A  working  model  for  a  typical  actual  stretch  of  road  was  also  developed, 
in  terms  of  the  speeds,  accelerations  and  densities  of  trains  thereon  during 
a  typical  operating  day,  and  the  number  of  meeting  points  involved.  The 
measure  of  effectiveness  chosen  to  compare  alternative  control  systems 
was  total  train  delay  per  day  due  to  control.  From  these  measures  a  quan¬ 
titative  picture  of  the  relative  operational  suitability  of  alternative  control 
systems  could  be  presented  in  terms  of  a  factor  which  remained  under  the 
control  of  the  operating  personnel.  This  formed  part  of  the  basis  for  a  de¬ 
cision  as  to  whether  the  expensive  development  program  for  the  system 
should  be  continued. 

Example  -  Planning  Machine  Runs 

A  manufacturer  of  small  components  on  a  job  basis  was  faced  with  the 
problem  of  estimating  the  number  of  pieces  to  produce  on  any  one  order, 
since  the  fraction  of  pieces  discarded  because  of  scrap  or  spoilage  varied 
widely  from  run  to  run  of  the  machines.  Customers  normally  would  accept 
up  to  a  10%  overrun,  but  if  larger  numbers  of  acceptable  pieces  were  made, 
the  excess  could  only  be  scrapped.  If,  on  the  other  hand,  spoilage  resulted 
in  the  number  of  acceptable  pieces  being  less  than  ordered,  an  expensive  new 

machine  set-up  and  rerun  was  required.  , 

The  operations  research  team,  after  examinations  of  production  data, 
found  that  the  distribution  of  finished  output  as  a  fraction  of  started  quantity 
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could  be  expressed  by  the  equation: 


0(x) 

where: 

x 

0(x) 
k,  a,  b 


k  xa_1(l  -x)b_1 


Fraction  of  started  quantity  which  was  acceptable. 

Relative  frequency  of  runs  producing  an  acceptable  fraction 
x. 

Constants,  to  be  solved  for. 


The  analysts  found  that  this  expression  fitted  data  for  all  products,  with 
the  constants  k,  a,  and  b  varying  somewhat  among  items,  and,  when  charted, 
appeared  as  follows  : 


Since  gross  profit  was  the  measure  which  the  production  manager  wished 
to  maximize,  this  was  selected  as  the  measure  of  effectiveness,  and  the  fol¬ 
lowing  expression  derived: 


P 

where : 

P 

P' 

A 

S 

s 

c 


p’  -  s  f  0(x)dx  -  cS  f  (x-l.lA/  )0(x)dx 
Jo  A. I  A/s  /S 

Gross  profit. 

Gross  profit  if  just  the  right  number  of  units  is  made. 
Number  of  finished  pieces  desired. 

Number  of  pieces  started. 

Cost  of  an  additional  machine  set-up. 

Cost  per  unit  produced. 


tonafset  UD  anH  th  °,r.m  rePresents  ‘he  average  loss  due  to  addi- 
aid  the  third  term  the  average  loss  due  to  overrun. 

lmvinT^rom  K  !  exPression  for  Prof“  y«‘ded  *  curve  such  as  the  fol- 

run  (See  page  86  )  Ch°°Se  ‘he  °Pt‘mUm  nUmber  0f  Pieces  for  Initial 

irHS'r1:  “  "S  s,«, 
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Figure  5 


Example  -  Evaluation  of  Advertising 

As  a  final  example,  a  company  sells  a  large  number  of  products,  all  of 
which  are  normally  promoted  by  direct  mail  and  magazine  advertising.  Their 
advertising  executive  has  a  difficult  problem  in  deciding  how  much  of  his  de¬ 
partment's  available  effort  should  be  budgeted  to  each  product. 

In  setting  up  such  budgets  he  must  take  into  account  such  factors  as  the 
total  market  potential  of  each  product,  differences  between  products,  appeal 
to  the  consumers,  and  the  rate  at  which  sales  will  drop  off  if  he  stops  ad¬ 
vertising.  He,  of  course,  considers  a  great  many  other  factors  such  as  dif¬ 
ferences  between  media,  and  the  extent  to  which  competition  is  advertising 
its  products. 

In  order  to  help  him,  an  operations  research  group  set  about  to  see  how 
much  of  the  variations  in  the  sales  history  of  products  could  be  explained  by 
a  model  which  takes  into  account  the  advertising  effort  devoted  to  each  and 
three  of  the  principal  relevant  factors:  sales  potential,  a  measure  of  the 
market  response  to  advertising,  and  the  rate  at  which  sales  would  die  off  in 
absence  of  advertising.  Other  factors  were  assumed  to  average  out  over  all 
products  and  were  neglected  in  initial  analysis. 

The  sales  potential  represented  the  amount  of  the  product  which  the  mar¬ 
ket  could  absorb  with  an  infinite  amount  of  advertising,  the  saturation  level. 
The  market  response  was  expressed  in  terms  of  the  dollars  of  annual  sales 
to  a  customer  newly  attracted  by  each  dollar  of  a  moderate  amount  of  adver¬ 
tising.  The  "death  rate"  was  assumed  to  be  a  constant  percentage  applied 
to  each  year's  sales. 

These  three  factors  were  combined  in  a  differential  equation  expressing 
sales  for  any  year  in  terms  of  the  advertising  history  up  to  that  time.  Solved 
for  values  of  the  three  factors  it  provided  excellent  agreement  between  ac¬ 
tual  and  theoretically  expected  sales  in  several  cases,  of  which  an  example 

is  shown  on  page  87. 

Sales  rose  rapidly  during  the  early  life  of  the  product  when  advertising 
expenditures  were  made  at  a  fairly  high  rate.  At  one  point  it  was  decided 
that  the  product  was  beginning  to  go  out  of  style.  Advertising  ^penditures 
were  cut  back  in  order  to  provide  money  to  support  more  stylish  Products, 
and  sales  dropped.  Finally,  advertising  was  stopped  altogether  and  sales 
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Figure  6 


fell  off  at  practically  a  constant  per  cent  per  year,  much  like  a  death  rate  in 
a  population.  The  marked  difference  between  actual  and  expected  sales  for 
one  year  was  traced  to  a  type  of  sales  where  no  influence  of  advertising  was 
possible. 

The  fact  that  practically  all  of  the  variations  in  sales  over  the  life  of 
the  product  were  explained  in  terms  of  three  factors  made  it  possible  to  set 
up  procedures  for  helping  the  advertising  executive  budget  his  available  ef¬ 
fort  after  estimating  the  values  of  a  few  of  the  relevant  factors. 

These  examples  represent  only  simple  illustrations  of  the  scope  of  op¬ 
erations  research.  The  ultimate  goal  of  a  company's  operations  research 
team  -  a  very  distant  goal  in  most  cases  -  is  to  provide  a  quantitative  model 
of  the  operations  of  the  entire  enterprise.  The  framework  upon  which  such  a 
model  would  be  built  —  and  within  which  the  important  relationships  would 
be  established  -  may  look  much  like  what  is  often  called  the  Du  Pont  Invest¬ 
ment  formula, (1)  illustrated  by  Figure  7.  Return  on  investment  has 
been  chosen  as  the  ultimate  measure  of  effectiveness,  and  the  effects  of  a 

change  in  any  of  the  important  operating  areas  of  the  company  can  be  traced 
to  it. 


What  OR  Adds 

The  question  has  often  been  raised  as  to  how  the  work  we  have  here 
called  operations  research  differs  from  some  of  that  which  is  done  within 
he  engineering  or  research  departments  of  progressive  companies,  or  bv 
management  and  systems  engineers. 

At  Arthur  D.  Little,  Inc.  we  have  long  been  engaged  in  various  aspects 
ot  development  and  engineering  -  particularly  those  with  a  technical  touch 
such  as  diversification  or  plant  location  studies,  process  flow  and  mate¬ 
rials  balance  studies,  and  problems  associated  with  acquisition  and  merger 
And  we  have  compared  operations  research  with  these  activities  in  order  to 
try  to  distill  some  factors  of  difference. 

?n®  k®y  may  lie  in  the  definition  of  research  recently  cited  by  Mr 

vou  Ho  l’iPiLeSldent  °f  Sylvania  -  that  research  is  the  seeking  fo /knowledge 
you  do  not  know  exists  when  you  start  -  rather  than  the  application  of  S 

g  eenng  principles.  It  can  be  distinguished  by  the  kind  of  people  doing  it 


85 


THE  Du  PONT  COMPANY  * 

RELATIONSHIP  OF  FACTORS  AFFECTING  RETURN  ON  INVESTMENT 


RETURN  ON 
INVESTMENT 


Figure  7. 


*  ALSO  INCLUOCS  SMALL  AMOUNTS  Of  OCFCMIO  CHARGES 
•MICH  ARC  NOT  CMARTEO 
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-  a  research  team  with  a  variety  of  scientific  backgrounds.  It  can  be  dis¬ 
tinguished  by  the  analytical  methods  required,  which  are  usually  non-stand¬ 
ard,  sometimes  rather  advanced,  and  may  be  drawn  from  any  one  of  a  vari¬ 
ety  of  research  fields.  J.  W.  Pocock,  of  Booz,  Allen  and  Hamilton,  in  com¬ 
paring  OR  and  management  engineering,  suggests  that  OR  techniques  take 
up  where  those  of  industrial  engineering  leave  off. 

The  emphasis  of  operations  research  on  the  quantitative  leads  some 
people  to  identify  it  with  statistical  or  accounting  analysis.  Actual  examples 
indicate,  however,  that  its  fundamental  objective  and  contribution  is  to  re¬ 
veal  the  basic  relationships  underlying  the  operations  studied.  As  in  physics 
and  chemistry,  theories  of  underlying  mechanisms  are  sought  which  are 
consistent  with  facts  brought  out  during  operations  or  experimentation,  and 
which  can  be  used  to  predict  the  effects  of  changes  in  procedure  or  environ¬ 
ment.  Like  statistics,  operations  research  uses  probability  theory  as  a 
basic  tool,  but  it  seems  to  be  ready  to  employ  techniques  from  many  fields, 
or  some  which  may  be  specially  developed  to  achieve  its  objective. 

We  find,  therefore,  that  successful  OR  solutions  of  industrial  problems 
usually  result  in  one  or  more  of  the  following: 


1.  New  measures  of  effectiveness, 

2.  New  ways  to  interpret  data, 

New  ways  to  measure  factors  not  measured  before; 

where  "new"  means  that  they  were  different  from  those  previously  applied 

to  that  type  of  problem.  . 

Several  companies  have  consciously  established  operations  researc 
groups,  some  primarily  in  production  areas,  while  others  concentrate  on 
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marketing  problems.  In  other  companies,  research  department  personnel 
have  stepped  out  of  their  usual  roles  to  deal  first  with  problems  of  how  new 
products  or  processes  affect  sales  and  costs,  then  to  improving  the  produc¬ 
tivity  of  manufacturing  processes.  Later,  research  may  be  applied  to  schedu¬ 
ling  of  production,  to  physical  distribution,  to  the  evaluation  of  sales,  adver¬ 
tising  and  promotional  efforts.  When  scientific  research  personnel,  while 
maintaining  the  theoretical  and  quantitative  methods  of  basic  research,  have 
participated  in  creating  the  bases  for  decision  in  all  these  management 
areas,  operations  research  may  be  said  to  exist,  regardless  of  what  it  may 
be  called. 

Reference 

1.  Davis,  T.  C.  How  the  DuPont  organization  appraises  its  performance. 

Amer.  Management  Assoc.  Financial  Management  Series  No.  94  (1950). 
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SPICE  FLAVORS  IN  THE  MEAT  INDUSTRY 

Ernest  Guenther 
Fritzsche  Brothers,  Inc. 

New  York,  New  York 

The  flavoring  of  meats  and  meat  products  is  an  art  as  well  as  a  science; 
it  requires  intimate  familiarity  with  the  raw  materials  involved.  This  pre¬ 
supposes  a  good  botanical  foundation,  a  sound  knowledge  of  pharmacognosy 
and  plant  histology,  acquaintance  with  techniques  of  microscopy,  and  - 
equally  important  -  a  thorough  training  in  analytical  chemistry.  Last  but 
not  least,  the  worker  in  the  field  should  be  familiar  with  the  numerous  grades 
of  spices  and  essential  oils  offered  on  the  market  and  with  the  various  prod¬ 
ucts  used  for  their  adulteration.  Years  of  study  and  practical  experience 
are  required  to  train  a  competent  expert,  and  few  indeed  are  the  men  who 
can  fully  qualify  as  such.  It  would  be  futile,  within  the  scope  of  a  short  paper 
to  attempt  even  a  brief  description  of  the  various  spices,  oleoresins,  essen¬ 
tial  oils,  and  other  products  employed  in  the  flavoring  of  food  products,  of 
their  analysis  and  evaluation,  and  their  uses.  Any  such  attempt  would  neces¬ 
sitate  the  writing  of  a  substantial  volume,  for  which,  by  the  way,  there  is  an 
urgent  need.  Fortunately  for  the  researcher,  there  already  exists  volumin¬ 
ous  literature  on  spices;  however,  it  is  scattered  and  must  be  assembled 
from  a  number  of  excellent,  more  general  works  covering  the  broad  subject 
of  foods  in  all  its  aspects.  It  may  therefore  be  helpful  to  the  meat  chemist 
to  deal  here  only  with  a  short  general  description  of  the  principal  products 
used  in  the  flavoring  of  foods,  while  calling  his  attention  to  reliable  works 
containing  details  about  official  standards  and  methods  of  assay. 

Today  meats  are  flavored  chiefly  by  means  of  the  following  products: 

1)  Spices,  either  whole  or  ground. 

2)  Essential  oils. 

3)  Oleoresins. 

4)  Special  preparations. 

Let  us  now  briefly  discuss  these  products  in  order. 


1.  Spices 

The  use  of  dried  spices  is  the  oldest  method  of  flavoring  meats.  Ac¬ 
cording  to  the  definition  of  the  Food  and  Drug  Administration,  United  States 
Department  of  Agriculture,  issued  November  1936,  spices  are  "aromatic 
vegetable  substances  used  for  the  seasoning  of  food.  They  are  true  to  name, 
and  from  them  no  portion  of  any  volatile  oil  or  other  flavoring  principal  has 
been  removed."  This  is  a  simple  and  surprisingly  precise  definition  which 
stands  by  itself,  and  even  without  further  specifications  exclad®s  any  addl" 
tions  to  or  adulteration  of,  the  botanicals.  Of  course  it  would  be  ideal  if  t 
legal  definition  could  require  that  the  spices  be  botanicals  in  their  absolute¬ 
ly  pure  form,  viz.,  without  any  trace  of  impurities  or  extraneous, ^siand- 
But  if  our  Food  and  Drug  Administration  were  to  insist  upon  such  hl°h  ®ta 
ards  the  United  States  would  soon  find  itself  deprived  of  many  spices,  for  the 
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simple  reason  that  it  is  practically  impossible  to  obtain  from  abroad  spices 
in  botanically  pure  form.  Many  spices  originate  in  the  interior  of  tropical 
countries  where  methods  of  production  or  collection  are  utterly  primitive. 
Almost  always  spices  are  accompanied  by  small  quantities  of  dust,  earth, 
sand,  foreign  botanicals  gathered  during  collection  of  the  spices,  and  broken 
plant  parts  resulting  from  the  long  transport  overseas.  The  occurrence  of 
filth,  insects  and  moldiness  has  to  be  guarded  against.  To  reduce  impurities 
to  a  minimum,  the  Food  and  Drug  Administration  in  November,  1936,  issued 
certain  standards  which,  while  protecting  the  consumer,  are  sufficiently  wide 
to  allow  the  imports  of  spices  that  may  be  considered  pure  from  the  practical 
and  commercial  point  of  view.  Contaminated  or  adulterated  products  are 
vigorously  excluded.  These  standards  still  hold  today  and  are  strictly  en¬ 
forced  by  the  Food  and  Drug  Administration  which  not  only  examines  all  im¬ 
ports,  but  also,  through  its  inspectors,  controls  spices  used  by  the  food  in¬ 
dustries  within  the  United  States.  Abnormal  lots  will  be  seized  and  those 
responsible  for  the  adulteration  prosecuted.  As  a  result  of  these  standards 
the  United  States  today  uses  spices  of  a  quality  far  superior  to  that  known 
in  most  foreign  countries.  And  so  profound  has  been  their  respect  for  our 
Food  and  Drug  Administration  that  many  spice  producers  and  dealers  abroad 
hesitate  to  export  to  the  United  States  for  fear  that  even  slightly  substandard 
shipments  may  be  condemned.  About  95  per  cent  of  all  spice  imports  into 
the  United  States  pass  through  the  Port  of  New  York  where  they  are  inspected 
by  the  chemists  of  the  Food  and  Drug  Administration.  Every  year  from 
1,500  to  2,000  of  these  shipments  are  detained  at  ports  of  entry  for  various 
reasons.  This  should  not  be  construed  as  a  reflection  upon  the  honesty  or 
reliability  of  our  spice  importers;  it  simply  means  that  a  good  number  of 
shipments  must  be  routinely  cleaned  before  they  are  permitted  to  enter  the 
United  States.  Only  a  very  few  shipments  are  finally  denied  admittance  to 
the  country.  Rejects  from  the  cleaning  operations  are  destroyed  under 
Customs  supervision,  and  cannot  be  re-exported.  Improvements  in  handling 
and  cleaning  spices  in  the  producing  countries,  and  the  general  depletion  of 
old  stores  abroad,  reduced  the  number  of  detentions  at  New  York  Port  to 
about  1,000  in  1952. 


The  Service  and  Regulatory  Announcement  of  the  Food  and  Drug  Ad-  ‘ 
ministration, (19)  issued  November,  1936,  deals  with  51  spices  and  is  quite 
liberal,  in  some  cases  merely  specifying  the  botanical  source  of  the  spice. 

For  the  practical  chemist  these  regulations  form  a  general  basis  which,  how¬ 
ever,  must  be  supplemented  in  certain  instances  by  other  official  standards, 
e.g.,  those  of  the  United  States  Pharmacopeia  and  the  National  Formulary, 
e  nited  States  Pharmacopeia,  XTV  Revision, (13)  gives  specifications  for 

seed  caraway  seed,  and  cinnamon  Saigon;  the  National  Formulary, 
inth  Edition,!  10)  for  anise  seed,  and  cinnamon  Ceylon,  clove,  coriander  seed 
ennel  seed,  ginger  root,  mustard,  nutmeg,  red  pepper  and  thyme.  A  valuable’ 

dPbrwfn  1S  the  Unlted  Stat6S  DisPensatorY.  24th  Edition, (3)  which  contains 
detailed  descriptions  of  most  spices,  and  cites  specifications  official  in 

larv^T  ^dltl0ns  °f, the  United  States  Pharmacopeia  and  the  National  Formu- 
Hnn*  .Indlsf?nsfible  t0  the  meat  packing  industry  are  the  Federal  Specifica- 

ground  srtcesy(nf  OnTT  Depa,r‘raent'  whlch  Sive  standards  for  whole  and 
ground  spices  (17)  On  the  basis  of  these  standards  (which  in  certain  cases 

are  more  elaborate  than  those  of  the  Food  and  Drug  Administration)  all  ^ov 

ernment  contracts,  including  those  for  the  Armed  Iorc“  are  placei 

As  regards  botanical  description  of  individual  snirp*  nu _ 

riai1^nSHi10nnan^^^^^^^-^^-'^'*ier  *"  ^  field  wm  ftad TafuabTe  mate 
[  “  the  chapter  ’Flavors,  Spices,  Condiments,  and  Essential  Oils  "  ^ 

Ennaiirre  ’  contrihutor  to  "Food  and  Food  Products"  by  M  B  Jacobs  (24) 
Equaily  important  is  the  classical  work  of  A.  L  WintonLd  K  B 
The  Structure  and  Composition  of  Foods."(22)  The  chapter  "Spi^s  and 
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Extracts  covers  almost  300  pages;  the  detailed  description  of  spices  is 
accompanied  by  tables  indicating  minimum,  maximum,  and  average  values 
of  pure  products,  and  by  illustrations  of  their  microscopic  structure  A 

h^nHi  Z  <  practical  value  is  "Spices”  by  J.  K.  Jank.(8)  it  describes  the 
tt  f  I"8  °/  sPx<=es>  storage  and  grinding  operations,  and  federal  standards 

,c1S  00lde!  J?  OUt  0f  print  The  same  aPPears  to  be  the  case 
with  the  book  Spices  and  Condiments”  by  H.  S.  Redgrove.(H)  This  rather 

small  work  deals  with  the  history,  geographical,  and  botanical  origin  of 
spices  and  condiments,  their  composition  and  uses.  J.  W.  Parry’s  "Spice 
Handbook”!  )  is  also  to  be  recommended  highly.  This  work,  published  in 
1945,  gives  standards  official  in  the  United  States  and  in  Canada,  and  con¬ 
tains  descriptions  of  the  most  important  species  used  in  the  food  industries 
The  grower  in  the  tropics  interested  in  the  cultivation  of  spices  should  con¬ 
sult  the  excellent  work  "Spices”  by  H.  M.  Ridley. (15)  However,  he  will  have 
to  use  a  well-stocked  reference  library  as  this  book,  too,  most  unfortunately 
is  out  of  print.  Chemists  who  possess  a  reading  knowledge  of  German  are 
referred  to  the  reliable  chapter  entitled  "Gewiirze”  by  R.  Wasicky  in  the 
"Handbuch  der  organischen  Warenkunde,"  edited  by  V.  Grafe.(20)  The  clear 
description  of  individual  spices  is  accompanied  by  good  photographs  and 
microscopic  cuts  of  the  botanicals.  There  are  numerous  other  works,  par¬ 
ticularly  in  the  field  of  pharmacognosy,  which  include  sections  on  spices, 
for  example,  "Textbook  of  Pharmacognosy”  by  H.  W.  Youngken.(25) 

Let  us  now  proceed  to  a  brief  discussion  of  the  analysis  of  spices,  a 
task  requiring  considerable  botanical  and  chemical  knowledge  and  experience 
on  the  part  of  the  operator.  In  the  laboratories  of  the  Food  and  Drug  Admin¬ 
istration  spices  are  examined  in  three  ways: 

1)  Macroscopically. 

2)  By  a  number  of  physical  and  chemical  assays,  many  of  them  official. 

3)  Microscopically. 

The  purpose  of  macroscopic  examination  is  not  only  to  grade  the  spice 
roughly,  but  also  to  detect  gross  contamination  with  stones,  filth,  and  insect 
and  rodent  excreta.  (For  the  determination  of  the  latter  impurities  there 
are  specific  physicochemical  tests.)  An  experienced  worker  will  have  no 
difficulty  with  this  rather  cursory  examination. 

Much  more  detailed  are  the  various  physical  and  chemical  tests,  many 
of  them  specific  for  individual  spices.  They  usually  include  several  of  the 
following  assays  after  careful  preparation  of  a  sample:  content  of  moisture, 
of  soluble  and  insoluble  ash,  of  calcium  oxide  in  the  ash,  of  nitrogen  content, 
of  nitrogen  in  the  nonvolatile  ether  extract  (for  black  and  white  pepper),  of 
volatile  and  nonvolatile  ether  extract,  of  alcohol  extract,  content  of  copper, 
of  starch,  of  crude  fiber,  of  tannin,  and  of  volatile  oil.  Exact  procedures  for 
these  assays  are  given  in  the  "Official  and  Tentative  Methods  of  Analysis  of 
the  Association  of  Official  Agricultural  Chemists. "(1)  Additional  information 
will  be  found  in  "The  Analysis  of  Foods”  by  A.  L.  Winton  and  K.  B.  Winton.U  ) 
The  determination  of  the  content  of  volatile  or  essential  oil  in  spices  is  a  very 
important  test,  for  the  simple  reason  that  with  a  few  exceptions  (capsicum, 
ginger  root,  and  black  and  white  pepper)  spices  owe  their  characteristic  odor 
and  flavor  chiefly  to  the  presence  of  a  volatile  or  essential  oil.  Indeed,  the 
essential  oil  industry,  whose  principal  business  consists  in  the  isolation  of 
volatile  oils  from  aromatic  plants  and  spices,  evaluates  these  raw  material 
by  a  determination  of  their  essential  oil  content.  In  the  laboratory  this  can 
be  accomplished  quite  easily  by  the  official  Clevenger  method,  which  uses 
only  small  quantities  of  the  raw  material.  The  essential  oil  factories  usu¬ 
ally  carry  out  trial  distillations  of  aromatic  plants,  drugs  and  spices  in  pilo 
stills  holding  from  ten  to  fifty  pounds  of  the  botanical,  which  yields  the 
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volatile  oil  in  a  quantity  sufficient  for  submission  to  a  thorough  analysis. 

This  permits  determination  not  only  of  the  physical,  but  also  of  the  chemi¬ 
cal  properties,  including  content  of  alcohols,  esters,  aldehydes,  ketones, 
oxides,  lactones  and  other  constituents,  all  of  which  are  the  carriers  of  the 
characteristic  odor  and  flavor  of  the  botanical  and  determine  its  commercial 
value.  A  spice  may  be  absolutely  pure  from  the  botanical  point  of  view,  but 
commercially  have  lost  its  value  because  of  age  or  improper  storage.  Most 
of  the  volatile  principles  may  have  evaporated  and  the  spice  have  become 
almost  worthless.  The  assay  of  the  volatile  oils  isolated  from  spices  will 
be  discussed  later. 

The  third  step  in  the  evaluation  of  spices  consists  in  a  careful  micro¬ 
scopic  examination;  this  requires  a  thorough  knowledge  of  vegetable  histology 
and  the  microscopic  appearance  of  spices,  including  all  adulterants.  Here  a 
well -trained  pharmacist  may  encounter  less  difficulty  than  an  organic  chem¬ 
ist,  who  may  have  to  ask  help  from  a  botanical  institute  or  college  of  phar¬ 
macy.  Exact  procedures  to  be  followed  in  the  microscopic  examination  of 
spices  are  given  in  the  "Official  and  Tentative  Methods  of  Analysis  of  the 
Association  of  Official  Agricultural  Chemists. "(1)  Additional  and  most  valu¬ 
able  information  about  the  subject,  including  pictures  of  microscopic  slides, 
will  be  found  in  some  of  the  above  cited  works  on  spices,  and  in  "Micro¬ 
scopy  of  Vegetable  Foods,"  by  A.  L.  Winton  and  K.  B.  Winton,(23)  and  "Mi¬ 
croscopical  Examination  of  Foods  and  Drugs,"  by  H.  G.  Greenish. (6) 

In  many  cases  the  chemist  will  be  faced  with  the  problem  of  analyzing 
spices  in  ground  or  powdered  form.  Here  again  a  number  of  assays,  some 
of  them  specific  for  certain  spices,  and  determining  chiefly  light  filth,  heavy 
filth,  sand,  etc.  are  given  in  the  "Official  Methods  of  Analysis  of  the  Asso¬ 
ciation  of  Official  Agricultural  Chemists. "(1)  Additional  information  will  be 
found  in  the  Food  and  Drug  Administrations’  "Microanalysis  of  Food  and 
Drug  Products,"!  18)  and  ^  ’’Microanalysis  of  Powdered  Vegetable  Drugs" 
by  A.  Schneider. (16)  5 

Altogether,  the  examination,  particularly  the  microscopic  examination, 
of  spices  offers  a  complex  problem  quite  puzzling  to  the  beginner.  It  aims 
at  detection  of  impurities  such  as  stems  in  leaf  spices,  excess  of  husks  in 
black  pepper,  seeds,  calyxes  and  stems  in  paprika,  Chinese  cassia  in  the 
more  valuable  cinnamon  bark  from  Saigon  and  Ceylon,  and  so  forth.  As  was 
pointed  out  above,  the  analyst  must  be  well  acquainted  with  every  spice  and 
its  possible  adulterants.  This  knowledge  can  be  acquired  only  by  a  long  and 
careful  study  of  authentic  standard  samples  which  probably  can  be  obtained 
from  reliable  spice  importers. 


^ f  ouSht  now  to  say  a  few  words  about  the  uses  of  spices.  To  obtain 
the  fullest  advantage  of  their  flavoring  principles,  spices  should  be  as  fresh 
as  possible  (viz.,  of  the  most  recent  harvest),  and  employed  immediately 
er  grinding.  With  the  passage  of  time,  particularly  under  improper  con¬ 
ditions  of  storage,  spices  lose  much  of  their  flavor  value  by  evaporation  of 
the  essential  oils.  This  loss  is  most  pronounced  in  ground  spices  the  broken 
mnftlaHdYn  co,njunction  with  the  enormously  enlarged  surfaces  offering  al- 
h*  c°"dltlons  for  raPid  evaporation  of  the  volatile  oil.  This  loss  mav 

be  considerable  even  in  uncrushed  seed  that  has  been  removed  from  the  shells 

Inv7fmpe;,,experimenting  with  cardamom>  Clevenger(2)  found  that  seedre-  * 
ThJ^n  T  SheU  l0S6S  thirty  per  cent  of  its  volatile  oil  in  etht  months 
factors  o  h  USKaUy  attributed  t0  evaporation,  is  also  caused  by  other  ' 
in^° ’  0xldatl0n  by  air  and  Testification  of  the  essential  oil  perhaps  olav- 
g  an  even  greater  role  than  evaporation.  P  y 

Thus  it  seems  advisable  that  the  larger  users  of  spices  do  their  own 

fv  this"? s’  and  tbls  immediately  before  employment  of  the  spice  Theoretical 
ly  this  is  sound:  but  it  should  also  be  kept  in  mind  that  the  proper  grading 
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ho^Fnr1^8  alrSt  3  business  in  itself>  requiring  a  great  deal  of  "know- 
.  F°r.  examPle>  spices  containing  a  high  percentage  of  fixed  and  volatile 
s  should  never  be  milled  in  too  fine  a  mesh  as  this  entails  much  waste  of 
power  and  labor,  not  commensurate  with  economical  cost  of  grinding.  More- 
over  such  spices  when  powdered  lose  too  much  flavor  due  to  heat  develop- 
ment.  The  grinding  equipment  must  be  modern  and  in  perfect  working  order- 
dull  mills  may  reduce  the  daily  output  to  a  fraction  of  the  normal.  The  most’ 
important  feature  in  grinding  is  to  obtain  a  cool  discharge  in  order  to  re¬ 
duce  loss  of  flavor  principles  to  a  minimum.  Unless  these  precautions  - 
and  many  others  -  are  rigorously  enforced  the  plant  chemist  who  contem¬ 
plates  his  own  spice  grinding  ought  to  realize  that  he  cannot  compete  with 
modern  spice  milling  establishments,  and  the  ever  alert  purchasing  agent 
of  his  firm  may  soon  be  able  to  prove  that  he  can  buy  ground  spices  more 
advantageously  elsewhere.  If  the  milling  is  left  to  specialized  firms,  pro¬ 
visions  should  be  made  that  the  ground  products  be  carefully  protected  against 
access  of  air ,  and  that  they  be  used  up  immediately  after  arrival  in  the  meat 
packing  plant.  As  we  have  mentioned,  the  loss  of  flavor  is  caused  not  only  by 
evaporation,  but  perhaps  even  more  by  oxidation  and  resinification  due  to  the 
action  of  even  small  amounts  of  air.  And  spices  that  have  lost  part  of  their 
flavor  give  a  lot  of  trouble  in  actual  use  because  the  flavor  balance  in  flavor 
formulas  is  upset.  Changes,  modifications,  and  new  experiments  will  have 
to  be  made  with  almost  every  batch;  all  of  this  means  work,  and  perhaps  even 
trouble  for  the  manufacturing  chemist. 

II.  Essential  Oils 

Since  it  is  difficult  to  obtain  spices  in  lots  of  uniform  flavor  value,  many 
food  processing  plants  have  switched  from  the  use  of  whole  or  ground  spices 
to  essential  (volatile)  oils  which,  with  a  few  exceptions,  represent  the  odor 
and  flavor  of  the  spice  in  purest  and  most  concentrated  form.  Indeed,  the 
very  term  "essential  oil"  has  its  origin  in  the  Latin  "essentia,"  the  "quinta 
essentia"  of  the  medieval  alchemists,  which  was  supposed  to  be  the  predomi¬ 
nant  element  contained  in  every  substance.  To  isolate  the  quintessence  in 
pure  form  was  the  aim  of  early  chemical  and  pharmaceutical  philosophy.  Es¬ 
sential  oils  are  usually  obtained  by  hydrodistillation  of  aromatic  plants,  spices, 
and  drugs.  Many  of  them  are  produced  under  the  most  modern  conditions,  but 
a  few  are  still  produced  by  primitive  means  in  the  wild  interior  of  tropical 
countries.  Hence  not  all  essential  oils  can  be  imported  in  pure  form;  certain 
of  them  require  rectification  before  our  Food  and  Drug  Administration  will 
permit  their  use  in  foods  and  drugs.  The  most  important  case  in  point  is 
that  of  oil  of  cassia,  distilled  from  the  leaves  of  Cinnamomum  cassia  in  the 
interior  of  southern  China.  Almost  invariably  the  native  producers  and 
dealers  add  rosin  and  kerosene  to  this  oil;  these  substances  have  to  be  elimi¬ 
nated  by  rectification  of  the  oil,  after  its  arrival  in  the  United  States. 

There  is  no  doubt  that  pure  essential  oils  offer  many  advantages  in  the 
flavoring  of  meats,  meat  products,  and  foods  in  general.  Their  odor  and 
flavor  are  remarkably  uniform,  despite  regional  and  seasonal  variations, 
and  therefore  essential  oils  permit  exact  and  reproducible  flavor  formulation 
in  finished  products.  In  the  whole  spice,  on  the  other  hand,  essential  oil  con¬ 
tent  may  vary  sharply  from  lot  to  lot,  and  uniformity  of  flavor  cannot  always 
be  guaranteed.  And  in  the  ground  spice,  adulteration  is  not  always  easy  to 
detect.  Moreover,  essential  oils  lend  themselves  to  rapid  and  uniform  dis¬ 
persion  throughout  the  finished  product,  especially  when  dissolved  in,  or 
emulsified  with,  a  proper  agent.  When  properly  stored,  esi sentia  ^ls  ke?,p 
for  years  without  undergoing  any  noticeable  changes  in  o  or  an  ' 

are  not  exposed  to  contamination  by  bacteria  and  rodent  infestation.  Prior 
to  storage  all  moisture  must  be  removed  from  the  oils  by  filtration  over  a 
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moisture- absorbing  agent  (dried  salt,  sodium  sulfate,  kieselguhr,  bentonite 
-  not  calcium  chloride).  The  oils  then  must  be  kept  in  cool  rooms  and  pro¬ 
tected  from  light  and  air. 

As  in  the  case  of  spices  the  user  of  essential  oils  will  be  faced  with  the 
problem  of  evaluation.  He  will  not  require  any  special  knowledge  of  pharma¬ 
cognosy,  plant  histology,  and  microscopy,  but  he  should  be  well  acquainted 
with  the  odor  and  flavor  of  genuine  oils,  and  with  the  various  assays  used  in 
their  analysis.  A  number  of  essential  oils  employed  for  the  flavoring  of  meat 
products  (anise,  clove,  coriander,  fennel,  nutmeg,  and  rosemary)  are  official 
in  the  United  States  Pharmacopeia,  XIV  Revision  ;(13)  others  (allspice,  caraway, 
cardamom,  pimento,  and  thyme)  are  described  in  the  National  Formulary, 
Ninth  Edition. (10)  The  United  States  Dispensatory,  24th  Edition, (3)  cites 
specifications  for  oils  that  were  listed  as  official  in  earlier  editions  of  the 
United  States  Pharmacopeia  or  of  the  National  Formulary.  Methods  of  as¬ 
say  will  be  found  not  only  in  the  two  works  (last  named),  but  also  in  the 
"Official  and  Tentative  Methods  of  Analysis  of  the  Association  of  Official 
Agricultural  Chemists. "(1)  The  most  modern  and  comprehensive  work  on 
essential  oils  is  "The  Essential  Oils"  by  Ernest  Guenther. (?)  This  gives 
detailed  information  on  hundreds  of  commercially  and  scientifically  impor¬ 
tant  oils,  describing  methods  of  cultivation,  harvesting,  and  distillation  of 
the  plants,  yields  of  oil,  physicochemical  properties,  methods  of  analysis, 
detection  of  adulterants,  chemical  composition,  and  uses.  The  work  is  based 
upon  the  past  findings  of  researchers  in  every  country,  as  well  as  upon  the 
author's  own  experience  in  the  field  and  factory.  There  are  other,  much 
older,  works  on  essential  oils,  among  them  the  great  treatise  of  Gildemeister 
and  Hoffman,  "Die  atherischen  Ole. "(5) 

The  practical  chemist  working  with  essential  oils  should  be  well  ac¬ 
quainted  with  the  odor  and  flavor  of  genuine  products.  To  acquire  this  ex¬ 
perience  he  must  have  at  his  disposal  oils  of  unquestioned  purity  which  he 
may  obtain  either  from  absolutely  reliable  essential  oil  houses,  or  by  pre¬ 
paring  the  oils  in  his  own  laboratory.  For  this  purpose  he  should  submit 
genuine  aromatic  plants,  drugs,  and  spices  to  steam  distillation  in  a  pilot 
still,  exercising  great  care  to  carry  out  distillation  properly.  Many  seed 
oils  (caraway,  celery,  coriander,  etc.)  may  thus  be  obtained  in  pure  form, 
but  in  some  cases  this  is  quite  impossible  because  the  commercial  oils  are 
distilled  in  the  field  from  freshly  harvested  plants  not  available  in  the 
United  States. 


Occasionally  we  hear  criticism  against  the  use  of  essential  oils  in  food 
products  usually  on  the  ground  that  essential  oils  rather  easily  lend  them¬ 
selves  to  adulteration.  This  is  true  to  a  considerable  extent,  and  must  be 
attributed  not  only  to  unethical  practices  on  the  part  of  some  essential  oil 
dealers,  but  equally,  if  not  more,  to  the  rather  uninformed  attitude  of  certain 
buyers  who  consider  it  smart  business  to  insist  on  ridiculously  low  prices 
-  prices  even  below  actual  cost  of  production.  Suppliers  are  thereby  almost 
forced  into  furnishing  oils  that  may  meet  routine  standards,  but  nevertheless 
are  adulterated.  Essential  oils  are  articles  of  strictest  confidence  and  should 
be  purchased  only  from  the  most  reliable  essential  oil  houses.  Pure  oils 
marketed  under  the  label  of  a  reputable  firm  obviously  command  a  premium 
over  adulterated  oils.  All  too  often  buyers  forget  that  a  guarantee  of  puritv 
includes  the  heavy  cost  of  control  laboratories,  staffed  with  a  considerable 
number  of  experienced  chemists.  Fortunately  for  the  honest  essential  oil 
aeaiers  there  are  now  good  prospects  that  within  the  coming  years  the  prac- 
tice  of  adulteration  will  be  reduced  substantially.  Physical  chemistry  has 
been  making  enormous  progress,  and  today  the  essential  oil  chemists  are 

t0  aPP«!y’  theiF  °Wn  field>  extremely  exact  methods  of  analysis 
that  will  give  the  adulterator  a  lot  of  worry  and  trouble.  I  mention  only  the 
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apphcahcm  of  chromatography  and  spectrophotometry.  The  beginning  has 
atready  been  made  by  some  private  firms  and  by  our  government  As  a  re 
suit  of  the  introduction  of  such  novel  methods  some  shipments  of  Italian 

IdulterTtedWhThh  th®. regular  routine  tests,  have  lately  been  held  up  as 

thtt  sice  then  tht  nntff  7?  COnsternation  amo"g  the  exporters  in  Sicily 
imoroved  Of  ,.  Q  Y  °f  the  imPorted  kalian  lemon  oil  has  been  much 
hd'  °f  °^rse’  an  enorrn°us  amount  of  fundamental  research  still 
^nph  be  accompllshed  before  the  new  methods  can  be  applied  generally  to 
such  complex  mixtures  as  essential  oils.  But  the  work  is  going  on  and  will 
m  time  not  only  eliminate  sophistication,  but  will  make  it  possible  to  identi- 

y,  in  pure  oils,  many  important  trace  substances  not  identifiable  by  old 
techniques.  J 


.:r.^.?re  Jeav.in^  subject,  a  word  about  the  excellent  imitation  and 
artificial  oils  which  have  been  developed  within  recent  years  in  the  labora- 
tories  of  some  essential  oil  houses.  These  products,  particularly  useful 
during  the  last  war,  when  natural  sources  of  supply  from  abroad  were  cut 
off,  serve  very  well  for  certain  purposes.  But  before  any  of  them  can  be 
offered  for  food  flavoring,  a  sample  of  the  imitation  oil,  and  its  qualitative 
formula,  must  be  submitted  for  approval  by  the  Meat  Inspection  Division  of 
the  Bureau  of  Animal  Industry. 


III.  Oleoresins 

We  shall  now  proceed  to  a  brief  discussion  of  the  third  group  of  flavor¬ 
ing  agents  used  in  the  meat  packing  industry,  the  so-called  oleoresins.  As 
we  have  seen,  essential  oils  represent  the  volatile  aromatic  principles  of 
their  respective  spices  in  pure  and  most  concentrated  form.  However,  cer¬ 
tain  spices  are  characterized  by  a  marked  pungency,  or  "bite,"  usually  due 
to  the  presence  of  some  high  boiling,  nonvolatile  substance  or  substances. 
Most  important  examples  are  ginger,  pepper  and  capsicum.  In  the  case  of 
ginger  root  the  odor  is  due  to  the  essential  oil  of  ginger,  the  pungency  to  the 
presence  of  several  nonvolatile  ketones,  chiefly  gingerol,  zingerone,  and 
shogaol.  In  the  case  of  pepper  berry  the  pungency  is  caused  by  the  alkaloid 
piper ine,  the  isomeric  chavicine,  the  homologue  piperettine,  and  by  other 
piperidides.  In  the  case  of  capsicum  the  bite  results  from  the  presence  of 
capsaicin.  To  obtain  these  pungent  flavoring  principles  the  spice  has  to  be 
extracted  exhaustively  with  a  volatile  solvent  such  as  alcohol,  acetone,  ether, 
or  ethylene  chloride.  After  repeated  extraction  and  complete  removal  of  the 
solvent  in  vacuo  the  concentrated,  liquid  or  semi -liquid  extract,  the  so-called 
oleoresin",  is  obtained.  Aside  from  the  pungent  principles  and  other  soluble 
nonvolatile  substances  (chiefly  fatty  oil  and  resin)  it  contains  also  the  es¬ 
sential  oil. 

The  physical  consistency,  chemical  composition,  and  odor  and  flavor  of 
an  oleoresin  depend  largely  upon  the  solvent  used  in  the  extraction  of  the 
spice,  and  upon  the  working  method  employed.  Almost  every  manufacturer 
has  his  own  process,  which  he  has  established  after  much  experimentation; 
hence  the  various  oleoresins  offered  on  the  market  vary  greatly  in  consis¬ 
tency,  color,  solubility,  and  odor  and  flavor  strength.  Official  standards  for 
oleoresins  are  relatively  few;  the  United  States  Pharmacopeia,  XIV  Re¬ 
vision/  13)  lists  none;  the  National  Formulary,  Ninth  Edition, (10)  describes 
the  preparation  of  capsicum,  and  the  preparation  and  assay  of  cubeb  and 
ginger.  The  United  States  Dispensatory,  24th  Edition, (3)  gives  information 
on  the  oleoresins  of  parsley  and  pepper.  In  general,  however,  data  on 
physicochemical  properties  and  methods  of  assay  are  rather  meager.  The 
Analysis  of  Foods,"  by  A.  L.  Winton  and  K.  B.  Winton,(2)*  gives  qualitative 


*  Cf.  Tice,  L.  F.  A  simplified  and  more  efficient  method  for  the  extrac- 
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methods  for  the  evaluation  of  capsaicin.  A  method  for  the  colorimeteric 
determination  of  the  same  compounds  in  oleoresin  of  capsicum  has  been  de¬ 
veloped  by  H.  North. (11)  The  "Official  and  Tentative  Methods  of  Analysis  of 
the  Association  of  Official  Agricultural  Chemists’’^)  describes  the  official 
qualitative  test,  by  the  iodine  number,  for  the  presence  of  foreign  oils  in  oleo¬ 
resin  capsicum.  In  the  same  work  a  qualitative  test  to  detect  adulteration  of 
oleoresin  ginger  with  capsicum  will  be  found.  The  color  value  of  oleoresin 
capsicum  can  be  determined  by  the  method  quoted  in  "The  Essential  Oils," 
by  Ernest  Guenther. (7)  A  rapid  spectrophotometric  method  of  measuring  the 
alcohol-extractable  color  of  capsicum  spices  has  been  suggested  by  J.  B. 
Moster  and  A.  N.  Prater. (9)  The  "bite"  of  oleoresin  capsicum  is  still  de¬ 
termined  largely  by  olfactory  tests  dependent  upon  individual  thresholds  of 
taste.  For  the  assay  of  the  essential  oil  content  of  oleoresins  in  general,  the 
well-known  Clevenger  method  is  recommended. 

The  use  of  oleoresins  for  the  flavoring  of  meat  products  has  increased 
largely  in  the  past  few  years.  They  represent  the  odor  and  flavor  principles 
of  the  spices  in  a  complete  form;  owing  to  their  solubility,  oleoresins  are 
quite  easy  to  use,  and  in  general  they  keep  well  during  storage.  Since  their 
quality  depends  upon  the  individual  manufacturer  and  his  methods  of  produc¬ 
tion,  the  standards  for  oleoresins  are  not  well  established  and  there  are 
many  variations  among  the  products  offered  on  the  market.  Some  commercial 
oleoresins  contain  added  diluents  such  as  fatty  oils,  glycerol,  propylene  gly¬ 
col,  "tween"  and  "span."  The  flavor  chemist  in  the  meat  industry  would  do 
well  to  prepare  his  own  standard  samples  for  comparison  with  commercial 
products.  For  this  purpose  he  has  to  extract  the  different  qualities  of  pure 
spices  with  the  various  solvents  suitable  for  spice  extraction,  notably  alcohol, 
acetone,  ether,  ethylene  chloride. 

IV.  Special  Preparations 

The  fourth  and  last  group  of  products  employed  for  the  flavoring  of  meat 
products  consists  of  combinations  of  oleoresins  and  essential  oils.  These 
may  be  incorporated  into  a  base  of  salt  or  sugar.  Such  products  should  be 
used  absolutely  fresh,  since  the  distribution  of  their  flavoring  principles  over 
an  enormously  increased  surface  exposes  them  to  extensive  evaporation  and 
resinification,  hence  loss  of  flavor  upon  storage.  vVhile  in  fresh  condition 
these  preparations  are  easy  to  use,  easy  to  proportion  out,  and  in  most  cases 
give  good  results.  On  the  other  hand,  the  flavor  value  of  these  mixtures  can¬ 
not  be  determined  by  chemical  means,  but  only  by  subjective  olfactory  tests. 
Moreover,  their  price  is  relatively  high,  which  makes  them  convenient  chief¬ 
ly  for  a  small  meat  packer,  whose  laboratories  are  too  busy  for  research  on 
spices,  essential  oils,  and  oleoresins. 

To  the  same  group  of  specialities  belong  the  various  spicing  compounds 
which  consist  of  blends  of  essential  oils.  These  are  usually  available  for 
immediate  use  from  essential  oil  houses,  and  are  employed  chiefly  for  the 
flavoring  of  particular  types  of  sausages  and  other  meat  preparations.  Here 
again,  the  Meat  Inspection  Division  of  the  Bureau  of  Animal  Industry  must 

approve  formulas  before  these  compounds  may  be  offered  for  use  in  food 
products. 

All  these  specialities  will  vary  with  the  manufacturer  and  no  official 
standards  for  their  preparation  exist,  other  than  the  general  regulations  of 
tne  Food  and  Drug  Administration,  which  we  have  already  discussed  broadly. 


tion  of  capsaicin  together  with  the  colorimetric  method  for  its  deter- 
“n  in  caPsicum  fruit  and  oleoresin.  Am.  J.  Pharm.  105,  320 
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WHAT  IS  HAPPENING  TO  OUR  BY-PRODUCTS? 
H.  R.  Kraybill 

American  Meat  Institute  Foundation 
The  University  of  Chicago 
Chicago,  Illinois 


For  many  years  the  meat  packing  industry  has  sold  beef  at  wholesale 
for  less  than  the  cost  of  the  live  animal.  This  has  been  possible  because  of 
efficient  utilization  of  by-products  plus  a  comparatively  sustained  demand 
for  such  products.  Actually  the  packer  traditionally  has  been  able  to  cover 
the  costs  of  processing  and  marketing  and  even  provide  a  modest  profit. 

To  state  this  in  another  way:  Prices  paid  for  livestock  over  the  years 
have  been  higher  than  would  have  been  warranted  had  there  been  no  by¬ 
product  recovery  and  had  the  price  for  livestock  been  determined  solely  on 
the  basis  of  what  the  consumer  has  been  able  and  willing  to  pay  for  the  edi¬ 
ble  products.  This  may  be  illustrated  in  the  following  example:  From  De¬ 
cember,  1934  to  December,  1935  the  value  of  medium  to  good  grade  steers 
increased  $3.82  per  cwt.  while  the  value  of  the  meat  increased  only  $2.75. 

The  difference  between  these  increases  in  values  resulted  chiefly  from  the 
increased  value  of  by-products  which  during  the  same  period  rose  in  value 
from  96  cents  to  $1.41  per  cwt.  of  the  live  animal. 

Nowhere  is  the  importance  of  a  good  market  for  packing  house  by¬ 
products  better  illustrated  than  in  this  comparison  of  livestock  and  dressed 
meat  values.  A  strong  demand  for  by-products  means  better  prices  for  the 
livestock  producer.  The  effect  of  good  livestock  prices  generally  is  to  stimu¬ 
late  increased  livestock  production.  Thus  the  consumer  and  livestock  pro¬ 
ducer,  as  well  as  the  packer,  benefit  when  maximum  value  is  realized  from 
by-products.  In  recent  years  the  value  of  the  by-products  in  relation  to  the 
cost  of  the  live  animal  has  been  decreasing  sharply. 

Table  1  shows  the  value  of  the  meat  and  by-products  shipped  bv  the 

lnrlncfrtT  _ _ _ i  a  rt  ai  _  i  -  ...  r  r  J 


1I^US/^y  f°r  the  year  1947 ’  the  latest  Year  for  which  census  figures  are  avail¬ 
able  (Census  of  Manufacturers,  1947,  Vol.  2,  p.  71).  Meat  accounted  for  87.4 

Table  1  -  Value  of  Products  shipped  1947 


Meat  and  by-products 

Meat 

Lard 

Hides,  skins  and  felts 
Grease  and  tallow 
Feed  and  fertilizer 
Miscellaneous 


Thousands  $ 


Per  cent 


8,715,429 


100 

87.4 

5.3 

3.6 

1.8 

0.8 

1.1 


7,615,743 


460,829 

317,839 

157,567 

67,672 

95,779 
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per  cent  of  the  total;  and  by-products,  including  lard  for  12.6  per  cent  The 
value  of  lard  in  round  figures,  was  461  million  dollars,  or  5.3  per  cent  of 
the  value  of  all  products;  hides  318  million  dollars  or  3.6  per  cent;  grease 
and  tallow  158  million  dollars,  or  1.8  per  cent;  and  feed  and  fertilizer  68 
nuUion  doilars,  or  0.8  per  cent.  The  value  of  these  four  products  was  over 
one  billion  dollars,  or  more  than  eleven  per  cent  of  the  total  value  of  all 
meat  and  by-products  shipped.  From  this  you  may  perceive  that  the  value 
of  these  four  by-products  is  quite  substantial.  The  figures  for  1947,  however, 
do  not  tell  the  whole  story.  It  is  when  you  start  comparing  the  value  of  these 
four  products  as  related  to  the  value  of  live  animals  and  over  a  period  of 
years  that  you  begin  to  comprehend  fully  what  has  been  happening  to  the  mar¬ 
ket  for  packing  house  by-products. 


Chart  I  shows  the  average  price  of  hogs  at  Chicago  versus  the  prices  of 
lard  for  the  period  1910  to  1952.  The  average  price  (1910-1919)  of  lard  de¬ 
clined  from  132  per  cent  of  the  price  of  hogs  to  62  per  cent  in  1952.  The 
decrease  was  especially  sharp  in  the  last  five  years.  Prior  to  1938  the  price 
of  lard  was  considerably  higher  than  the  cost  of  the  live  animal. 


Chart  I  -  Prices  of  Lard  vs.  Price  of  Hogs,  Chicago,  1910-52 


From  Chart  No.  348,  Dept,  of  Marketing,  American  Meat  Institute. 
March,  1953. 

Chart  II  shows  the  average  price  at  Chicago  in  per  cent  of  steer  prices 
from  1910  to  1952.  The  average  price  of  hides  (1910-1914)  declined  from 
227  per  cent  of  the  price  of  the  live  animal  to  46  per  cent  in  1952.  Again  the 

decline  was  marked  in  the  last  five  years. 

Chart  HI  gives  the  average  price  at  Chicago  of  tallow  in  Pfr  cent  of  steer 
prices  from  1910  to  1952.  The  average  price  of  tallow  (1910-1914)  declined 
from  87  per  cent  of  the  price  of  the  live  animal  to  17  per  cent  in  1952. 

The  substance  of  the  information  shown  in  these  charts  is  that  the  values 
of  three  of  the  four  major  by-products  as  related  to  livestock  Prices  have 
been  declining  steadily.  The  decline  in  price  of  these  products  in  relat  o 
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Chart  II  -  Prices  of  Hides  vs.  Price  of  Steers,  Chicago,  1910-52 


Per  Cent  Per  Cent 


From  Chart  No.  347,  Dept,  of  Marketing,  American  Meat  Institute. 
March,  1953. 

to  the  price  of  the  live  animal  is  due  chiefly  to  the  marked  increase  in  price 
of  live  animals.  The  prices  of  these  by-products  failed  to  keep  pace  with  in¬ 
flation  and  the  increase  in  price  of  meat  animals.  Chart  IV  shows  the  1952 
price  index  of  meat  animals  and  each  of  the  by-products  based  on  100  for  the 
1935-1939  average.  The  indices  are  as  follows:  meat  animals  306,  tallow 
92,  lard  109,  hides  111,  animal  protein  feeds  258,  and  vegetable  protein  feeds 
291.  Animal  protein  feed  is  the  only  one  of  these  by-products  of  the  meat 
packing  industry  that  shows  an  advance  in  index  nearly  comparable  to  that  of 
the  meat  animals. 

Chart  III  -  Prices  of  Tallow  vs.  Prices  of  Steers,  Chicago  1910-52 
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—  1  1V  ‘  P"cens,h0t  Animal  Protein  Feeds  Have  been  Strong  Compared 
with  Other  Animal  By-products 


Item 


Meat  Animals.  . . 

Tallow . 

Lard. . 

Hides . 

Animal  Pro.Feedsj 
Veg.Pro.  Feeds. . . 


1952  Price  Index.  lq^-^IOQ 


mm/mm/w/i/iiimiimi-mm  (306) 
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0  100  200  300 

From  Chart  No.  350,  Dept,  of  Marketing,  American  Meat  Institute. 
March,  1953 

As  the  price  of  by-products  declines  in  relation  to  that  of  the  meat  ani¬ 
mal,  the  return  from  sale  of  meat  bears  a  larger  proportion  of  the  cost  of 
the  animal.  This  is  illustrated  in  Chart  V  which  shows  the  relative  prices 
of  lean  cuts  of  pork,  lard  and  fat  cuts  to  the  average  price  of  all  pork 

Chart  V  -  Lean  Pork  Prices  have  advanced  -  Fat  Prices  Have  Declined 
Relative  to  the  Average  Price  of  All  Pork  Products 
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From  Chart  No.  210  Rl,  Dept,  of  Marketing,  American  Meat  Institute. 
August,  1952. 
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products  for  the  period  1905-1951.  The  average  price  of  hams  and  loins 
shows  a  gradual  increasing  trend  and  that  of  lard  and  plates  and  jowls  a 
corresponding  decreasing  trend. 

The  decreasing  returns  from  these  by-products  is  due  partly  to  the  fact 
that  the  demand  has  not  kept  pace  with  the  marked  increase  in  production. 
Factory  lard  production  was  about  one  billion  pounds  higher  in  1951  than  in 
1939.  Production  of  inedible  tallows  and  greases  for  1951  was  about  one 
billion  pounds  higher  than  the  average  production  for  the  years  1937  to  1941. 

Another  important  factor  in  the  steady  decline  in  value  of  these  by¬ 
products  has  been  the  increased  competition  with  products  derived  from 
other  materials  as  e.g.,  synthetic  detergents,  non-leather  soles,  hydroge¬ 
nated  vegetable  oils,  etc. 

Chart  VI  shows  the  percentage  of  shoes  produced  with  leather  and  non¬ 
leather  soles  for  the  years  1947  to  1952.  The  percentage  of  shoes  with 
leather  soles  declined  from  70.8  in  January,  1947  to  41.2  in  November,  1952. 

Chart  VI  -  Leather  Soles  Declining  in  Importance 


Chart  VII  shows  the  amount  of  tallow  and  grease  produced,  the  amount 

i  qqc  !"  and  the  amount  of  synthetic  detergents  produced  for  the  years 
yJ6  to  1952.  You  will  note  that  the  average  annual  production  for  the  three 
years  1950  to  1952  was  about  a  billion  pounds  higher  than  the  average  annual 
production  for  the  years  1937  to  1941.  The  amount  of  tallow  and  greases 
used  in  soap  maintained  a  fairly  constant  trend  from  1941  to  1948  but  shows 
a  declining  trend  during  the  last  three  years.  Production  of  synthetic  deter¬ 
gents  increased  sharply  during  the  last  three  years. 

The  s°lid  Jfne  in  Chart  VEI  shows  the  amount  of  tallow  and  grease  used 
„  ,  production  in  per  cent  of  the  total  production  of  tallow  and  grease 

soap*  production. m6S  ““  bU‘k  Synthetlc  deter6ent  production  in  per  cent  of 

That  is  the  story  of  what  has  been  happening.  The  next  ouestinn  ic 
can  be  done  about  it?  Practical!,,  there  ire  onfy  two  aUefn^ves  larder 
to  obtain  more  adequate  returns  from  these  by-products  it  is  necessary  to 
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Chart  VH 


Sources:  Stingley,  D.  V.  The  Outlook  for  Animal  Fats  as  Raw  Materials. 

Institute  Spokesman,  April,  1952. 

Later  Figures :  Fats  and  Oils  Situation,  p.  37,  Feb. -Mar.,  1952. 

Snell,  F.  D.  Soaps  and  Syndets.  Chem.  and  Eng.  News,  3J.,  No. 

1,  38  (1953) 

Soap  and  Sanitary  Chemicals,  p.  42,  Feb.,  1953. 

UTST  Bureau  of  Census.  Facts  for  Industry  -  Fats  and  Oils. 

1952  Figures  are  estimates. 

increase  domestic  consumption  or  to  find  larger  export  markets.  One  way 
of  increasing  domestic  consumption  is  to  find  new  uses  for  the  products. 

This  method  requires  an  adequate  and  continuous  long  range  program  of  re¬ 
search.  Most  of  the  competitive  materials  that  are  replacing  animal  by¬ 
products  have  been  developed  through  research.  Research  on  animal  by¬ 
products  has  not  been  conducted  on  a  scale  comparable  to  that  carried  out 
on  the  competitive  products.  If  animal  by-products  are  to  compete  success¬ 
fully  with  these  new  products  of  research,  it  will  be  necessary  for  our  indus¬ 
try  to  increase  the  program  of  research  on  the  utilization  of  by-products. 

Recent  trends  in  the  use  of  lard  in  shortening  demonstrate  the  effective¬ 
ness  of  research.  Methods  of  processing  lard  including  refining,  deodoriza- 
tion,  hydrogenation,  stabilization  with  an  antioxidant,  transesterification  and 
addition  of  emulsifiers  have  been  developed  through  research.  It  is  now  pos¬ 
sible  to  prepare  shortenings  from  lard  comparable  in  performance  and  sta¬ 
bility  to  hydrogenated  vegetable  shortenings.  As  a  result  of  the  application 
of  these  technological  developments,  the  use  of  lard  in  shortening  increased 
from  20  million  pounds  in  1946  to  206  million  pounds  in  1951.  Further  sub¬ 
stantial  increases  may  be  expected  in  the  use  of  lard  in  shortenings.  e 
effect  of  these  developments  will  be  to  increase  the  interchangeability  of 
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various  fats  in  shortening  production.  When  these  research  developments 
are  fully  utilized  we  should  no  longer  expect  prime  steam  lard  to  sell  as 
much  as  five  and  three  fourth  cents  per  pound  below  the  price  of  crude  soy¬ 
bean  oil  as  it  did  during  the  past  year.  The  cost  of  processing  lard  into  a 
shortening  is  less  than  that  of  soybean  oil. 

Chart  VIII 


In  1950,  70.6  per  cent  of  the  lard  consumed  was  used  as  lard,  6.4  per 
cent  in  other  edible  products,  3.3  per  cent  in  inedible  products  and  19.7  per 
cent  was  exported.  Statistics  on  the  consumption  of  all  food  fats  from  1936 
to  1950  show  that  the  annual  per  capita  consumption  is  relatively  stable. 

The  average  annual  per  capita  consumption  (1936-1950)  of  lard  was  12.4 
pounds,  shortening  10.1  pounds  and  butter  and  margarine  14.0  pounds.  In 
recent  years  a  marked  increase  in  consumption  of  margarine  is  offset  bv 
a  decrease  in  consumption  of  butter.  Any  significant  increase  in  the  per 
capita  consumption  of  lard  would  have  to  replace  butter  or  vegetable  oils 
as  a  constituent  of  margarine  or  shortenings.  As  mentioned  earlier  con- 
si  erable  quantities  of  lard  are  now  being  used  in  the  manufacture  of  short- 

herG  iS  reaSOn  t0  believe  that  ^creased  amounts  will  be  used 
in  me  future. 

In  IK  °f  lard  111  margarine  to  da*e  has  not  met  with  much  success. 

"  0f  the  lar^e  ^crease  in  margarine  consumption  in  recent  years  it 
would  seem  worth  while  to  carry  on  extensive  research  on  this  problem 
f  ammaI  fats  including  lard  could  be  used  successfully  in  margarine  pro¬ 
duction,  it  would  provide  a  substantial  market.  ^ 

lq  th^7enti°ne,d  farlier-  animal  Protein  feed  (meat  scraps  and  tankaee) 
s  the  only  one  of  the  four  by-products  that  has  not  shown  a  marked  deMiL 
Hn  Uf  ®  relation  to  live  animal  prices.  Line  1  in  Chart  IX  shows  the 
of  the  price  index  of  animal  protein  feeds  to  that  of  the  meat  anhnal 
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Chart  IX 


0  Pr/ce  Ra  r/o  of  Animal  Protein 
Feeds  Vs.  Meat  An/vals 

(F)  Pf/ce  Rat/o  of  An/mal  Pbote/n  Vs. 
Vegetable  P&ote/n  P ft  lift 


Source:  Chart  No.  350,  Dept,  of  Marketing,  American  Meat  Institute. 
March,  1953. 


for  the  period  1935  to  1952,  based  on  an  index  of  100  for  the  period  1935  to 
1939.  In  1935  the  price  ratio  of  animal  protein  feeds  to  that  of  meat  animals 
was  87  per  cent.  In  1952  it  was  84  per  cent.  The  average  annual  ratio  was 
95  per  cent.  Line  2  shows  the  ratio  of  the  price  index  of  animal  protein 
feeds  to  that  of  vegetable  protein  feeds.  In  1935  the  price  ratio  of  animal 
protein  feeds  to  that  of  vegetable  protein  feeds  was  88  per  cent  and  in  1952 
it  was  89  per  cent.  The  average  annual  ratio  was  104  per  cent.  In  this  con¬ 
nection  it  is  interesting  to  note  that  in  1943  the  meat  packing  industry  initi¬ 
ated  an  industry  wide  support  of  research  in  our  laboratories  on  the  nutri¬ 
tive  value  of  meat  scrap  and  tankage.  In  1950  the  National  Renderers  Asso¬ 
ciation  joined  with  the  meat  packing  industry  in  support  of  this  research.  We 
believe  that  this  program  of  research  has  contributed  to  the  maintenance  of 
the  relatively  favorable  position  of  animal  protein  feeds. 

Yesterday  Dr.  Ault  presented  an  excellent  paper  on  the  industrial  utili- 
zation  of  animal  fats.  He  pointed  out  results  that  have  been  accomplished 
through  research  and  the  new  uses  that  are  now  in  effect  for  products  pre¬ 
pared  from  inedible  animal  fats  as  a  result  of  that  research. The '  r®®e"®h 
carried  on  by  the  Eastern  Regional  Research  Laboratory  of  the  United  States 
Deoartment  of  Agriculture  and  by  laboratories  of  the  meat  packing  industry 
fs  developing  new  uses  for  animal  fats.  Results  of  that  type  must  be  increased 
greatly  if  we  are  to  find  sufficient  new  uses  to  utilize  effectively  these  large 
quantities  of  animal  fats.  The  meat  packing  industry  might  well  consider  the 
advisability  of  increasing  greatly  the  research  it  is  now ^an-ymg  on  in  th 
utilization  of  by-products.  Effective  research  m  this  field  offers  prom 

nf  manifold  return  on  the  investment.  . 

Research  in  our  laboratories,  supported  by  contract  with  the  United 
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States  Department  of  Agriculture  under  the  provisions  of  the  Research  and 
Marketing  Act  of  1946,  has  demonstrated  the  feasibility  of  adding  stabilized 
animal  fats  to  dog  and  poultry  rations.  Experiments  are  now  being  conducted 
by  a  number  of  agricultural  experiment  stations  and  feed  companies  to  deter¬ 
mine  the  effect  of  the  addition  of  animal  fats  to  other  types  of  rations  includ¬ 
ing  those  for  swine,  beef  cattle  and  poultry. 

Among  the  benefits  which  may  be  expected  from  addition  of  stabilized 
animal  fats  to  feeds  are:  improved  efficiency  of  feed  utilization,  increased 
palatability,  reduction  of  vitamin  losses  during  storage  and  avoidance  of 
dustiness.  If  experience  should  justify  the  addition  of  four  per  cent  fat  to 
dry  dog  foods  and  broiler  feeds  there  would  be  a  potential  market  for  280 
million  pounds  of  animal  fat.  The  addition  of  just  one  per  cent  of  fat  to  the 
total  production  of  commercial  feeds  would  require  688  million  pounds  of 
fat.  We  believe  that  this  field  represents  potential  new  uses  for  large  quan¬ 
tities  of  animal  fats. 

In  conclusion  I  would  like  again  to  stress  the  need  for  more  and  con¬ 
tinuous  long  range  research  on  the  utilization  of  these  by-products.  In  those 
periods  of  good  demand  we  are  prone  to  neglect  research  only  to  become  in¬ 
tensely  interested  again  when  surpluses  occur.  Results  of  research  can  not 
be  expected  overnight.  To  be  effective  the  program  must  be  continuous.  The 
products  with  which  our  materials  must  compete  are  the  products  of  research 
of  other  industries.  If  we  are  to  compete  successfully  we  must  meet  this 
challenge.  We  must  have  more  extensive  and  effective  research. 
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XIV 


APPLICATION  OF  ASCORBIC  ACID  IN  MEAT  CURING* 


C.  M.  Hollenbeck  and  R.  Monahan 
Merck  &  Co.,  Inc. 

Rahway,  New  Jersey 

Several  investigators  have  studied  the  reactions  of  ascorbic  acid  with 
the  heme  pigments  of  meat  and  blood.  For  example,  Chang  and  Watts(l) 
found  that  the  addition  of  ascorbic  acid  to  hemoglobin  solutions  in  the  ab¬ 
sence  of  nitrite  resulted  in  rapid  discoloration  and  greening,  whereas,  in 
the  presence  of  nitrite  the  ascorbic  acid  protected  the  red  color  of  nitroso¬ 
hemoglobin.  Lemberg  and  Legge(4)  observed  that  ascdrbic  acid  reacted 
with  oxyhemoglobin  to  form  an  unstable  peroxide  derivative  which  oxidized 
further  to  a  green  colored  decomposition  product,  choleglobin.  The  hemo¬ 
globin  hydrogen  peroxide  was  also  oxidized  to  a  brown  pigment,  methemo- 
globin.  Ascorbic  acid  was  also  found  to  reduce  methomoglobin  to  hemo¬ 
globin  in  the  investigations  of  Lemberg  and  Legge(4);  Gibsoni3);  Coleman, 
Steffen  and  Hopkins(2)  •  and  Watts  and  Lehmann.(6,7) 

It  has  been  observed  in  our  laboratory  and  by  Watts  and  Lehmann^*?) 
that  the  addition  of  ascorbic  acid  to  meat  during  curing  accelerates  the  pro¬ 
duction  of  the  cured  meat  color,  nitrosohemoglobin.**  It  can  be  postulated 
that  when  ascorbic  acid  and  sodium  nitrite  are  added  to  meat  the  following 
series  of  competing  reactions  are  possible: 

1.  The  reactions  postulated  by  Lemberg  and  Legge  (4): 


Hb02 

(Oxyhemoglobin- red) 

o2 

Hb 

(Hemoglobin-violet) 


[AA] 

(Ascorbic  Acid) 


[AA] 


HbH202 


(Hemoglobin  hydrogen  peroxide) 

/ [01  \  [°1 


Methemoglobin 

(brown) 


Choleglobin 

(green) 


2.  The  reactions  described  by  Watts  and  Lehmann  (6): 


>  NOHb 

(Nitrosohemoglobin) 
(bright  red) 


[O] 

Methemoglobin 


*  Contribution  from  the  Research  and  Development  Laboratories  of 

Merck  &  Co.,  Inc.,  Rahway,  N.  J.  . 

**  The  terms  hemoglobin  and  nitrosohemoglobin  as  used  herein  also 
include  myoglobin  and  nitrosomyoglobin. 
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3.  The  oxidation  of  ascorbic  acid  by  nitrite: 


2  HNO2 


N02 


NaN02 


H+ 


^  hno2 


^  NO  +  N02  +  H20 


(Nitric  oxide) 


(Nitrogen 

dioxide) 

+  Oxidized 

Ascorbic  Acid 


4.  The  catalytic  oxidation  of  ascorbic  acid  with  air: 


AA 


[Q] 

[Cu-Fe] 


DAA 

Dehydroascorbic 

Acid 


[O] 


DKG 

Diketogulonic 

Acid 


These  competing  reactions  are  illustrated  in  the  following  diagram: 

DAA 

A 

[O]  [Cu-Fe] 


Hb 


[Met  Hb] 


AA 


V 


[N02] 


NO 


[Hb02] 


HbH202 


As  illustrated  by  the  above  diagram,  Watts  and  Lehmann  (6,7)  postu¬ 
lated  that  the  mechanism  of  the  action  of  ascorbic  acid  in  accelerating  the 
formation  of  nitrosohemoglobin  was  the  reduction  of  methemoglobin  to  hemo¬ 
globin  by  the  ascorbic  acid,  the  latter  compound  then  reacting  with  the  nitric 
oxide.  However,  since  the  direct  reaction  between  nitrite  and  ascorbic  acid 
is  a  relatively  rapid  reaction,  compared  to  the  oxidation  of  hemoglobin  with 
nitrite  and  then  reduction  of  the  methemoglobin  with  the  ascorbic  acid,  it 
probably  predominates  in  a  system  containing  meat,  sodium  nitrite,  and 
ascorbic  acid.*  Another  mechanism  then  for  the  increased  rate  of  forma¬ 
tion  of  nitrosohemoglobin  in  the  presence  of  ascorbic  acid  would  be  as 
follows : 


a)  Ascorbic  acid  reduces  nitrous  acid  to  form 
elusion  of  nitrogen  dioxide  and  then, 

b)  The  nitric  oxide  reacts  with  the  hemoglobin 
globin. 


nitric  oxide  to  the  ex- 
to  form  nitrosohemo- 


Some  observations  on  the  reaction  between  sodium  nitrite  and  ascorbic 


The  reaction  rates  of  all  of  these  reactions  involving  the  reducing  ac- 

fi10ai,°'AtCOrbiC  aC‘d  are  inlluenced  b>’  PH  of  the  system  and  at  pH  5  to 
6  all  of  them  may  be  relatively  slow. 
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^reln  ^scribed  whxch  support  the  premise  that  the  primary  re- 

n*  de  hv  ,K  m'at:asco^blc  acid-nitrite  system  is  the  production  of  nitric 

n?th!,by  ‘I’*  r,eduCt:on  ot  the  nltrous  acid.  Also,  some  examples  are  given 
of  the  application  of  ascorbic  acid  to  the  curing  of  meat.  g 

Reaction  between  Sodium  Nitrite  and  Ascorbic  Acid 

The  relative  quantities  of  nitric  oxide  produced  during  the  hydrolysis 
of  sodium  nitrite,  with  and  without  ascorbic  acid,  in  a  system  relatively  free 
of  oxygen  were  measured  by  the  following  procedure: 

The  indicated  quantities  of  sodium  nitrite  were  dissolved  in  about  75 
ml.  of  water.  The  solution  was  placed  in  a  three-neck  flask,  connected  to 
a  gas  measuring  device,  and  the  system  swept  free  of  air  by  a  stream  of 
nitrogen.  The  sodium  nitrite  was  acidified  with  a  de-aerated,  dilute  sul¬ 
furic  acid  solution,  with  the  indicated  quantities  of  ascorbic  acid.  The  quan¬ 
tities  of  nitric  oxide  produced  were  collected  by  water  displacement  in  a  gas 
burette  and  measured.  In  two  of  the  tests  a  slurry  of  lean  pork  was  added 
along  with  the  nitrite.  The  results  from  these  tests  are  shown  in  Table  1. 


Table  1  -  Yield  of  Nitric  Oxide  from  the  Hydrolysis  of  Sodium  Nitrite 


Sodium  Nitrite 

Ascorbic  Acid 

Pork 

Yield  of  Nitric  Oxide 

(mg.) 

(mg.) 

(g-) 

(ml.) 

100 

0 

0 

3.6 

100 

150 

0 

14.0 

50 

75 

0 

6.5 

50 

150 

0 

8.8 

200 

0 

16 

6.0 

50 

100 

16 

9.7 

The  data  in  Table  1  show  the  marked  increase  in  nitric  oxide  production 
when  ascorbic  acid  is  present  during  the  hydrolysis  of  sodium  nitrite.  This 
increase  in  the  production  of  nitric  oxide  would  account  for  a  rapid  rate  of 
formation  of  nitrosohemoglobin  in  a  system  containing  hemoglobin,  ascorbic 
acid  and  nitrite. 

The  ascorbic  acid  in  these  reactions  was  quantitatively  recovered  in 
the  form  of  the  osazone  by  the  method  of  Roe  and  Kuether,(5)  This  was  true 
also  in  systems  comprising  meat,  ascorbic  acid  and  curing  mixtures.  This 
observation  would  indicate  that  the  end  products  of  the  oxidation  of  ascorbic 
acid  with  nitrite  are  either  dehydroascorbic  acid  or  diketogulonic  acid. 
Furthermore,  the  pork  in  the  reaction  mixture  developed  the  bright  red  color 
of  nitrosohemoglobin  in  the  test  with  ascorbic  acid  after  30  minutes,  where¬ 
as  in  the  test  without  ascorbic  acid  the  pork  did  not  develop  a  red  coloration 
until  after  several  days  in  the  refrigerator. 

The  quantitative  aspects  of  the  reaction  between  sodium  nitrite  and 
ascorbic  acid  were  investigated  in  the  following  experiment: 

Standard  solutions  of  ascorbic  acid  were  reacted  with  increasing  levels 
of  sodium  nitrite  and  then  titrated  immediately  with  indophenol  reagent  to 
determine  the  molar  ratio  of  nitrite  to  ascorbic  acid  in  the  reaction  in  air. 
The  results  are  shown  in  Table  2. 

The  results  in  Table  2  indicate  that  about  0.75  moles  of  nitrite  reacts 
with  1.0  mole  of  ascorbic  acid  in  the  basic  reaction.  The  basic  reaction 
being  the  relatively  rapid  reaction  without  allowing  time  for  significant  side 
reactions  such  as  the  oxidation  of  NO  to  N02  to  occur,  the  latter  which  would 
also  react  with  ascorbic  acid.  Assuming  that  this  molar  ratio  holds  in  meat 
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Table  2  -  Reaction  between  Sodium  Nitrite  and  Ascorbic  Acid 


Millimoles 

Sodium 

Nitrite 

Millimoles 
Ascorbic  Acid 
Reacted 

Molar  Ratio 
[  Nitrite] 

[Ascorbate] 

1.16 

1.53 

0.76 

1.74 

2.33 

0.75 

2.32 

3.18 

0.73 

2.90 

3.75 

0.78 

curing  systems,  an  amount  of  sodium  nitrite  to  correspond  to  0.02%  (about 
91  mg.  per  lb.)  in  the  meat  would  theoretically  react  with  310  mg.  per  lb. 
of  ascorbic  acid.  These  results  would  further  support  the  theory  that  when 
ascorbic  acid  in  amounts  of  100-200  mg.  per  lb.  is  added  to  meat  curing 
systems  that  the  direct  reaction  of  ascorbic  acid  with  the  nitrite  to  produce 
increased  quantities  of  nitric  oxide  probably  accounts  for  most  of  the  ob¬ 
served  effect  of  more  rapid  formation  of  nitrosohemoglobin. 

Application  of  Ascorbic  Acid  in  Meat  Curing 

Some  examples  of  the  use  of  ascorbic  acid  in  the  curing  of  meat  are 
given  in  the  following: 

A.  Comminuted  Meat 

1.  Thirty  gram  patties  of  freshly  ground  beef  were  treated  by  mix¬ 
ing  with  the  following  proportions  of  dry  curing  agents  and  the  color  of  the 
patties  observed  after  3  days'  storage  at  4°C. 


%  Curing  Agents 
(Weight  of  Meat) 

Sodium 

Sodium 

Sodium 

Chloride 

Nitrate 

Nitrite 

0.000 

0.000 

0.000 

0.026 

0.005 

0.016 

0.026 

0.005 

0.016 

0.026 

0.005 

0.016 

Ascorbic 

Acid  Color  of  Meat 

0.000  Brown 

0.000  Brown 

0.033  Bright  red 

0.026  Pink  red 


2.  A  pork  sausage  baloney  was  prepared  by  the  regular  procedure 
except  in  the  case  of  the  treated  samples,  a  solution  of  ascorbic  acid  in  ice  ’ 

wa!e*'  at  1116  leVel  °f  200  mg‘  of  ascorbic  acid  Per  pound  of  baloney)  was 
added  to  the  meat  prior  to  grinding,  curing,  seasoning  and  stuffing.  An  equal 
amount  of  ice-water  was  added  to  the  control.  A  sample  of  each  of  the  as- 
corbic  acid  treated  meat  and  the  control  meat  were  taken  out  of  the  "hot- 
smoke"  oven  at  various  intervals  during  the  hot  curing-smoking  process 
wrurolMly,  samples  of  the  meat  were  taken  out  of  the  oven  after  the  meat 
nad  attained  each  of  the  following  temperatures:  140,  150,  160  and  170OF 
th/  fi?aSeS  the  samples  treated  with  the  ascorbic  acid  were  better  in  color 


B.  Primal  Cuts 

w.t.  „  L  Pieces  of  fresh  pork  shoulder  (about  300-400  g.)  were  injected 

nitrite  ITPlng  pi,ckle"  uprising  a  solution  of  sodium  nitrate,  sodhim 
trite,  sucrose  and  sodium  chloride,  with  and  without  0.1%  by  weight  of  the 
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pinctures'wUha  h^;  Th<!  taieCtl°nS  Were  made  b?  »•*«■  numerous 
punctures  with  a  hypodermic  syringe  until  about  5%  of  the  weieht  of  the 

was  added  The  injected  pieces  of  meat  were  immersedln  a  ver  pic”le' 
we*  stored  aM0C  WKh°Ut  aSC°rb‘C  aCid'  The  lmmersed  samPles 

,T.he  samPles  treated  with  ascorbic  acid  showed  a  brighter  red  color  in 
he  in  enor  of  the  meat  after  3  hours.  Furthermore,  the  red  color  seemed 
to  be  fairly  well  developed  throughout  the  meat.  After  24  hours  there  was 

and  t^er  dlfference  ^  red  color  between  the  ascorbic  acid  treated  samples 
and  the  controls  in  favor  of  the  treated  samples. 

o  <•  2^LCh°pS  0f  about  100  g*  in  weight  were  treated  by  rubbing  the 
surface  with  0.02%  by  weight  of  ascorbic  acid  and  then  with  about  1%  of  dry 

curing  mixture.  Several  samples  were  treated  with  the  curing  mixture  with¬ 
out  the  ascorbic  acid.  The  samples  were  stored  at  4<>C.  for  observation. 

The  ascorbic  acid  treated  samples  started  to  turn  red  within  3  hours 
after  treatment,  whereas  the  controls  were  still  brown  in  color.  After  24 
hours  the  ascorbic  acid  treated  samples  showed  maximum  redness  which 
did  not  develop  in  the  controls  until  after  3  to  5  days. 


Summary 

The  reactions  of  ascorbic  acid  with  heme  pigments  are  discussed.  The 
various  competing  reactions  are  described  which  should  occur  when  ascorbic 
acid  is  added  to  curing  systems  comprising  meat  and  nitrite.. 

Ascorbic  acid  markedly  increases  the  yield  of  nitric  oxide  in  the  reduc¬ 
tion  of  sodium  nitrite.  About  0.75  mole  of  sodium  nitrite  appears  to  react 
directly  with  1.0  mole  of  ascorbic  acid.  The  oxidation  products  from  ascor¬ 
bic  acid  in  nitrite  oxidation,  in  simple  systems  or  in  meat,  are  either  de- 
hydrascorbic  acid  or  diketogulonic  acid.  These  data  indicate  that  the  primary 
reaction  that  occurs  when  ascorbic  acid  is  added  to  the  meat  curing  reaction 
is  the  oxidation  of  the  ascorbic  acid  by  the  sodium  nitrite  with  the  resulting 
production  of  nitric  oxide.  This  increased  yield  of  nitric  oxide  probably  ac¬ 
counts  for  the  acceleration  in  the  formation  of  nitrosohemoglobin  when 
ascorbic  acid  is  added  to  the  curing  process. 

Examples  of  the  application  of  ascorbic  acid  in  the  curing  of  meat  for 
acceleration  of  the  curing  reaction  are  given. 
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ASCORBIC  ACID  AIDS  CURED  MEAT  COLOR 


Maxwell  C.  Brockmann  and  Roy  E.  Morse 


Kingan  &  Company 
Indianapolis,  Indiana 


The  authors  of  the  preceding  paper  have  summarized  the  historical  and 
theoretical  backgrounds  for  the  use  of  ascorbic  acid  in  the  curing  of  meat. 

It  is  the  purpose  of  this  report  to  summarize  our  experience,  on  the  applica¬ 
tion  of  ascorbic  acid  in  the  curing  of  a  specific  product,  wieners. 

In  comparison  with  intact  muscular  tissue  such  as  hams,  tongues  and 
loins,  wieners  present  several  distinct  advantages  for  investigations  on  the 
effectiveness  of  certain  curing  preparations  or  conditions.  Wieners  may  be 
regarded  as  a  synthetic  tissue  which  is  essentially  homogeneous  and  subject 
to  far  less  inherent  variation  than  most  intact  tissues.  Moreover,  in  wieners 
the  attainment  of  a  uniform  distribution  of  curing  ingredients  or  various  ad¬ 
ditives  presents  no  difficulty.  Furthermore,  it  is  distinctly  advantageous 
that  the  results  from  experiments  performed  on  wieners  are  forthcoming 
within  a  few  hours. 

The  composition  of  the  standard  emulsion  prepared  for  our  experiments 
follows: 


Ground  lean  beef 
Ground  pork  trimmings 
Water  and  ice 
Salt,  sugar,  spice,  nitrite 


22.1% 

51.7 

22.0 

4.2 


100.0 


The  concentration  of  sodium  nitrite  employed  was  115  p.p.m.  or  1.66 
millimoles  per  kilogram  of  emulsion.  In  the  preparation  of  the  emulsion 
ground  beef  was  first  transferred  to  the  silent  cutter  followed  in  one  minute 
by  water  and  ice.  After  three  minutes  a  curing  solution  containing  sodium 
chloride  and  nitrite  was  added.  One  minute  later  a  dry  mixture  of  salt,  glu¬ 
cose  and  spices  was  uniformly  distributed  over  the  surface  of  the  emulsion.- 
iter  six  minutes  operation,  pork  trimmine-s  werp  ariripH  The 
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4  rwnf  •  APf  W6re  made  °n  the  0asis  of  visual  inspection. 

,io  •  ♦  t6'-  A'thlS  P°lnt  the  sPeakers  showed  two  color  slides  to  illustrate 

variations  in  the  internal  color  of  wieners  produced  with  different  ascorbic 

nroHnr°nCthntratli°HS  ^  different  smoking  times.  It  was  not  possible  to  re- 

rthe  s.lTfonotLi"  th‘S  pUbUcati0"-  Th*  *  »•  speaker's  comment 

The  following  slide  illustrates  the  variations  in  the  internal  color  of 
wieners  produced  with  different  ascorbic  acid  concentrations  and  different 
smoking  times.  Note  that  for  all  smoking  periods  the  control,  which  con¬ 
tained  no  ascorbic  acid,  presents  an  inferior  internal  color.  Even  with  a 
smoking  period  of  one  hour,  the  control  still  retains  a  definite  brown  core. 

A  similar  brown  core  is  seen  in  unsmoked  wieners  containing  0.025%  ascor¬ 
bic  acid.  With  the  particular  experiment  here  illustrated  the  internal  red 
color  appears  to  be  completely  developed  for  wieners  containing  0.025% 
ascorbic  acid  after  a  smoking  period  of  one-half  I  our.  In  some  of  our  ex¬ 
periments,  however,  0.025%  ascorbic  acid  and  out.  -half  hour  smoke  period 
failed  to  give  complete  color  development.  Complete  color  development  is 
obtained  if  one  hour  is  allowed  for  smoking.  This  slide  shows  complete  de¬ 
velopment  for  unsmoked  wieners  containing  0.05%  ascorbic  acid.  This  degree 
of  color  development  is  not  always  obtained;  however,  in  all  of  our  experi¬ 
ments  0.05%  ascorbic  acid  has  never  failed  to  provide  full  color  development 
with  smoking  periods  of  one-half  hour  or  more. 

These  observations  indicate  that  for  a  process  permitting  a  minimum 
of  one-half  hour  in  the  smokehouse  the  use  of  0.05%  ascorbic  acid  provides 
for  full  development  of  internal  color.  Under  such  conditions  0.025%  appears 
to  be  marginal.  This  latter  concentration  of  ascorbic  acid  is  equivalent  to 
approximately  0.9  mole  of  ascorbic  acid  per  mole  of  added  nitrite.  The  pre¬ 
ceding  observations  indicate  that  ascorbic  acid  enhances  color  development 
in  wieners.  The  amount  of  ascorbic  acid  which  is  required  for  full  color 
development,  however,  is  not  a  fixed  amount  but  must  be  related  to  the  con¬ 
ditions  under  which  the  wieners  are  processed. 


I 


112 


